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SAQNE- -TWO PUNCH 


“AT NEW HAVEN! 


A report by the 
sanitary engineer and chemist 
of the New Haven Water Company 
shows that when the Break Point Process was 
applied virtually all gas-formers were eliminated 
However, bacteriological improvement was not 
the only gain. According to an article in American 
City' summarizing the report: 
*****In the winter and spring***several prob- 
lems arose that made the company appreciate 
the practice of using breakpoint chlorination 
When the *** reservoir was covered with ice. 
Asterionella developed to the extent of 
1,300 standard areal units per 
ml., producing a fishy odor 
in the untreated 
water 


After treatment, 
however, not a trace 
of odor was noticeable.’’ 
In addition, although its 
water was well withinU.S.P.H 
standards,— 
*«*** the ** * Company * * has 
endeavored to produce as good a water 
as water works practice would allow; 
and they have been convinced that 
the use of breakpoint chlorination 
throughout the system is 
well worthwhile.” 


aa New Haven's experience is typical. Regardless of plant size, 

_ the Break Point Process can help you produce the kind of 

a pure, palatable water consumers like. To find out how these 

and additional benefits such as—longer filter runs—iron and 

ao removal—and color removal, can be obtained, 
check with your nearest W & T Representative 


lasue of November 1946 


WALLACE & TIERNAN 


COMPANY, INC. 


emote AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 
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Liability for Damage Due to Breaks or Leaks 


By Harold M. Ohland, Charles G. Bourgin 
and Benjamin J. Spitz 


A panel discussion presented on Nov. 


tion Meeting, Atlantic City, 


Bureau of Water, Dept. of Public Works, Jersey City, N.J.; 


G. Bourgin, Suft., 
Spitz, Counsel and General Atty., 
son, 


OME of the engineers and super- 

intendents in charge of municipally 
wned water supply systems may be 
lled into the false belief that they 
ire operating as a function of a mu- 
nicipal government and are therefore 
mune from legal action for any 
sses sustained by the public. This is 
ndeed a fallacy. In the state of New 
Jersey, for instance, a municipally 
wned and operated water supply sys- 
tem is a quasi-public utility, and is 
ible for the system’s safe operation. 


Negligence 


A false sense of security may lead 
occasional careless operation. This 
is not to imply that the operator or 
his subordinates willfully become less 
cautious, but occasionally, because of 


the pressure of other urgent work, 
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Breaks Causing Flood Damage—Harold M. Ohland have it, 


Din Hen 


7, 1947, at the New Jersey Sec- 


N.J., by Harold M. Ohland, Hydr. Engr, 

Charles 

Water Bureau, Montclair, N.J.; and Benjamin J. by bs 
Passaic Valley Water Com., Pater- aot 


they may postpone a job that appears 
to be minor—for example, the repair- 
ing of a pressure or flow recorder or 
what appears to be a small leak in one 
of the mains. Such neglect may well 
turn out to be the deciding factor in 
a law suit. 

The loss of a 24-hour pressure or 
flow record during a breakdown in 
the system, and the consequent in- 
ability to produce these charts in court, 
might be the issue that would cause a 
jury to award a verdict to the plaintiff. 
If the opposing counsel is trying to 
prove negligence in the operation of 
the water supply system, he will un- 
doubtedly emphasize the loss of these 
vital records so strongly that the jury 
may feel that the circumstance is usual 
in the system and may award a judg- 
ment against the utility. 
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Contributing Factors 


Certain conditions have been as- 
sumed to be contributing factors to the 
cause of many breaks—for example, 
the number of years a main had been 
installed in poor ground, or earth dis- 
turbance caused by the installation or 
repair of other underground structures 
near the water main. Over a period 
of time this change in earth conditions 
may cause undue stress in the pipe, 
resulting in a fracture. The change 
in traffic from light vehicles to heavy 
trailer trucks might result in the trans- 
mission of vibrations through the earth 
which could be the cause of a serious 
break. Water hammer is another pos- 
sible cause of pipe failure. The lack 
of tie rods or the improper blocking 
of bends in a cast-iron pipeline may 
allow the bends to move in soft fill and 
eventually pull out of the joint, thus 
creating flood damage. 

On the other hand, it has been 
found that the pipe was of the proper 
standard, the installation correctly 
made, earth conditions good, with no 
subsequent earth disturbance taking 
place, and operating conditions nor- 
mal; yet, after the main had been in 
service a number of years, a serious 
break occurred, the cause of which 
could not be determined. 

During the past ten years in cities 
within the metropolitan area, a number 
of major breaks in large water mains 
have taken place, causing considerable 
flood damage and inconvenience to the 
public. 

In 1938 Jersey City experienced a 
serious break in a 36-in. main through 
which it was furnishing a water supply 
to Hoboken. The break occurred on 
a Sunday morning near the Hoboken 
city line and was of such a grave na- 
ture that within a short space of time 
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the entire area for several blocks was 
flooded to a depth of 12 in. A large 
manufacturing plant, located approxi- 
mately 100 ft. from the break, suf- 
fered severe flood damage when water 
escaping from the leak flooded the 
basement of the plant to a depth of 4 
ft., damaging lithographed or deco- 
rated tin plate, electric motors and 
other equipment valued at $100,000, 
Shortly thereafter the company started 
a legal suit against the city in the New 
Jersey Supreme Court, alleging that 
the damage it had suffered was caused 
by the negligent manner in which the 
city operated its water supply sys- 
tem. 


Importance of Careful Preparation 
of Case 


When the case was brought to trial, 
the city was able to prove conclusively 
to the satisfaction of the court that it 
was not negligent in the operation of 
its system. This success, it is felt, was 
due to the careful preparation of the 
case and the submission to the court 
of complete records of what took place 
at the time of the break. Included in 
the record was the logbook of the 24- 
hour emergency crew, which indicated 
the time they were notified of the leak, 
the length of time it took them to 
arrive at the scene of the break and 
their report of a call to the engineers 
and superintendent through the me- 
dium of the Police Department two- 
way radio system. This form of 
communication brought the engineer, 
superintendent and a crew of workmen 
to the break within 30 minutes after 
the radio call was put through. 

The record further indicated that 
the 36-in. control valve was closed, 
cutting off the leak, within three quar- 
ters of an hour after the men arrived. 
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This fact was verified by producing in 
court the daily flow records and the 
pressure recording charts, which defi- 
nitely showed the time when the break 
occurred; the time the valves were 
closed was clearly indicated on the 
pressure chart by a gradual return to 
normal pressure on the upstream side 
of the break. Additional facts were 
brought out to show that the broken 
casting was of the proper design when 
it was installed in 1923, the installa- 
tion having been made in accordance 
with good engineering practice. It 
was also demonstrated that no earth 
disturbance had taken place subsequent 
to the installation of the main. Other 
records were produced to prove that 
six months prior to the break the gate 
valves on this line had been cleaned, 
the gears greased and the gates oper- 
ated in good order. 

All of these facts were substantiated 
in the testimony given by two highly 
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experienced experts in water works 
operation engaged by the city. Jersey 
City was also fortunate in having its 
case so ably presented by a corporation 
counsel who was quite familiar with 
the workings of the water system. On 
the basis of the evidence and testi- 
mony presented, the jury awarded a 
verdict in favor of the city, even though 
the company actually sustained a loss 
of $35,000 needed for reconditioning 
tin plate and electric motors and re- 
habilitating the basement of the build- 
ing. 

All operators of water supply sys- 
tems face the possibility of breaks 
which may cause flood damage to the 
public. A certain sense of security is 
gained, however, if the system has 
been properly maintained and the op- 
erator is in a position to produce 
charts and records should he be called 
upon to defend a case of flood damage 
in court. 


Undermining Due to Leaks—Charles G. Bourgin 


much emphasis cannot be 
placed upon the determination of 
the causes of leaks, large or small. 
Not only is it important to determine 
these causes in order to devise ways 
and means to reduce and prevent the 
occurrence of leaks, but it is always 
necessary to establish or assume liabil- 
ity in order to obtain funds for repairs. 

It is the author’s opinion that ade- 
quate public liability and property 
damage insurance should be carried by 
the water utility to provide such emer- 
gency funds. Complete reliance should 
not, however, be placed on this form 
of protection, which may become very 
expensive as a result of an excessively 
high incidence and premium rate. 
Frequently a little ingenious detective 
work may clearly prove that the re- 


sponsibility for liability rests with 
others. These points can easily be 
illustrated by a number of cases, in- 
volving sizable liabilities for damage 
due to undermining, in some of which 
the water utility was not adjudged 
responsible. 


Damage to Private Property 


1. A piece of pipe about the size 
of a shovel was blown from the top 
of a 12-in. main operating under a 110- 
psi. pressure. This main, supplying 
a high-class residential neighborhood, 
was located under a concrete base 
with bituminous top pavement, over 
which all trucking had been barred 
many years before. More than 1 
mil.gal. of water passed through the 
hole in the pipe in the hour between 
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the start of the leak (about 4 a.m.) 
and its shut-off. Aside from extensive 
damage caused to the grounds of some 
ten well-kept properties as the water 
coursed down a hillside, large areas 
of the pavement, approximately 200 


_ ft. of concrete sidewalk and driveway, 


- garage foundations, and 15 ft. of a 


residence foundation were completely 
undermined. No cause for the pipe 
failure could be established. All claims 
were covered by property damage in- 
surance carried by the water utility. 
2. A blown joint in a 12-in. main 


operating under a pressure of 100 psi. 
-undermined two lengths of pipe, caus- 


ing them to drop into the hole thus 


formed. Most of the damage occurred 


frozen 


nearly 1,000 ft. further down a steep 


hillside and was much like that in Case 


1, but on a smaller scale because of 
ground conditions. It was 


thought that extremely cold water 


_ producing excessive shrinkage in the 


cast-iron main was responsible for the 
failure of this joint. Property dam- 
age claims were covered by water 
utility insurance. 

3. A blown joint in a 4-in. fire line 
110-psi. pressure occurred 


about 100 ft. in from the street on 


private property and caused extensive 
undermining to a roadway and several 
small buildings. This accident was 
attributed to the failure of the pilot 
valve on a 12-in. pressure-reducing 
valve. Property damage claims were 


covered by water utility insurance. 


4. A joint leak occurred in a 12-in. 
main located under a concrete base 
with Belgian block top pavement. Wa- 
ter at 115-psi. pressure was deflected 


under the pavement to the sidewalk 


ing walls. 
of pavement, all of the 


area, which had been completely con- 


creted over between the curb and build- 
Approximately 400 sq.ft. 


concrete side- 
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walk and the entire 60-ft. front foun- 
dation of a building were undermined. 
Fissures appeared in the face of the 14- 
story structure and the distortion was 
sufficient to cause cracks in the show 
windows. Since this street was a 
main highway carrying heavy truck 
traffic and trolley cars, it was thought 
that pounding by traffic on the in- 
ferior road surface between the rails, 
and by trolley cars in passing over the 
poorly maintained tracks, caused the 
leak. Although water utility insur- 
ance covered the damage claims, pres- 
sure was brought to bear on the 
transportation utility to correct the ex- 
tremely bad conditions which had ex- 
isted at this point. 


Utility or Public Property Damage 


5. The head blew out of a screw 
plug in a 6-in. tee carrying 130-psi. 
pressure. This tee was located under 
a concrete base with bituminous top 
pavement covering an intersection of 
two broad streets. The pavement in 
the entire area of the intersection was 
undermined and collapsed into a roller- 
coaster shape. A sanitary sewer man- 
hole was destroyed. The water utility 
was forced to pay for this damage out 
of an emergency appropriation, be- 
cause its insurance company claimed 
that, as insurance carrier for all mu- 
nicipal departments, it could not be 
held liable for claims for damage 
caused by one department (the water 
utility) to another (the street depart- 
ment ). 

6. A cracked pipe in a 4-in. fire line 
caused extensive undermining of a 
concrete court, sidewalk and driveway 
a considerable distance in on the prem- 
ises of the owner. Careful investiga- 
tion disclosed that, over two years 
before the occurrence of the break, a 
portion of the concrete sidewalk was 
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found by the owner’s property custo- 
dian to be covering a large cavity. To 
save the sidewalk, a hole had been 
punched through large enough to per- 
mit the insertion of a driven 4 X 4-in. 
pile with a tee head to support the 
adjacent sidewalk. The hole was back- 
filled and then cemented over. At the 
time of the break it was found that the 
pile had inadvertently been driven 
down directly over the fire line, caus- 
ing the entire load of the sidewalk to 
be transmitted to the 4-in. pipe. A 
15-in. tile storm drain, installed by the 
owner at the time the property was 
developed, had cracked and caused the 
undermining of the sidewalk and, later, 
of the fire line, at which time the break 
occurred. The cost of repairs to the 
fire line was borne by the owner, al- 
though not without protest even after 
all of the facts had been conveyed to 
his lawyer, who acknowledged the 
owner’s responsibility. 

7. The water utility had agreed to 
take over the operation and mainte- 
nance of approximately 800 ft. of a 
6-in. cast-iron line carrying 110-psi. 
pressure. This line had been installed 
on the premises by the owner, a con- 
tractor, many years before, when the 
water utility was privately owned. 
The property was subdivided at a later 
date, and it became desirable to supply 
the various subdivisions through the 
line. At one point, it crossed under 
a broad stream bed running through 
property remaining to the original 
owner. Erosion by the stream caused 
the exposure of three lengths of pipe. 
Continual pounding by debris flowing 
down the stream at high velocity dur- 
ing flash flood periods so weakened 
the pipe that a joint leak started. This 
caused the undermining of two lengths 
of pipe, which in turn caused two 
additional joint leaks and a collapse 
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existing under the central area of the 
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of the main into the undermined area. 
Damage to the main was promptly 
repaired by the water utility in order 
to provide service to the subdivisions. 
It was proved after considerable in- 
vestigation that, as a result of exten- 
sive dumping operations by the owner, 
the course of the stream had been al- 
tered, exposing the pipe to stream ero- 
sion. The owner, threatened with 
legal proceedings, finally paid for the 
repair. 

8. After many years of good service, 
a 1,200-ft. length of 8-in. water main 
started to develop a series of cracked 
sections, each of which caused exten- 
sive pavement and curbing damage 
through undermining. All these fail- 
ures occurred in the vicinity of service 
pipe taps and had every appearance 
of being due to great tension from the 
service. Because responsibility could 
not definitely be assigned, the water 
utility carried the expense of these re- 
pairs in its operating budget. 

The real cause was not discovered 
until four years later, when a heavy 
truck punched a hole through the cen- 
tral pavement area, pulling out an- 
other service. It was then learned 
that an old sanitary trunk sewer ran 
down the center of the street. Leaks 
in this improperly laid and backfilled 
sewer, installed some 25 ft. below the 
surface of the road, had undermined 
the service pipe. The subsequent 
pounding of traffic had caused an even- 
tual break-through of the bridging 
pavement. 

At first the street department at- 
tributed this hole to what was sup- 
posed to be another in a long series 
of leaks in a poorly laid water line. 
Careful investigation by the water util- 
ity, involving the expense of many bar 
and test holes, disclosed great cavities 
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street throughout the 1,200-ft. length 
of the so-called poorly laid 8-in. main. 
Since that date, the street department 
has been carrying all expenses in this 
area for repairs to both the water 
facilities and the pavement. 

9. For over three years water had 
been seeping into a power utility trans- 
former vault located in the middle of 
the widest street in the center of town. 
The rate of infiltration of water seemed 
to vary in accordance with the rainfall. 
The only main in the vicinity of the 
vault was located approximately 50 ft. 
away in the sidewalk area. Repeated 
exhaustive checks failed to disclose any 
leaks or any reason to suspect that 
the water came from the water utility 
system. At one time, during a pro- 
tracted rainy period, water rose in the 
vault high enough to cause the explo- 
sion of a distribution transformer, sub- 
sequently plunging the entire business 
district into darkness. About a year 
later approximately 800 ft. away, on 
a side street at right angles to the one 
in which the transformer vault was 
located, a leak was discovered between 
the curb and the sidewalk. This was 
thought to be caused by an old aban- 
doned.or unrecorded service. Start- 
ing at the curb and excavating some 
20 ft. out toward the center of the 
street along the course of the flowing 
water, a broken 4-in. main was dis- 
covered. Within two days after repair 
of the leak, water stopped flowing into 
the vault. 

Careful inspection of the area of the 
break disclosed the presence of a con- 
crete-covered duct system which had 
been laid directly on top of the pipe. 
The pounding of traffic on the pave- 
ment, which had been placed directly 
on top of the duct system without an 
earth cushion, undoubtedly caused the 
Further investigation disclosed 
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the undermining of the pavement in 
the street from the point of the break 
down to the transformer vault and in 
an area about 20 ft. wide along one 
side of the street. Water from this 
leak, supplied at 120-psi. pressure, had 
been carrying earth from under the 
pavement down a storm sewer trench 
and depositing it into a covered stream 
near the transformer vault. Cracks in 
undermined conduits near the vault 
had permitted some of this water to 
enter. 

Following repair of the break, there 
ensued an exchange of legal activity 
between the two utilities, in which the 
power company talked of restitution 
for damages as a result of the broken 
transformer and other items, and the 
water utility requested reimbursement 
for the cost of pipe repairs, mudjack- 
ing 800 ft. of pavement and other ex- 
penses. It was not until the water 
utility, in the presence of many offi- 
cials, re-excavated at the point of 
intersection of the conduit and the 
water pipe to show the curved bottom 
section of the concrete duct covering, 
that the power company agreed to 
accept responsibility for all damages. 


Conclusion 


It has been the author’s experience 
that damage from undermining is one 
of the most expensive byproducts of 
nearly every leak. No reasonable ef- 
fort should be spared during construc- 
tion to minimize the occurrence of 
future leaks from évery possible source. 
As a further protection, adequate pub- 
lic liability and property damage in- 
surance should be carried to protect 
against large unforeseen operating ex- 
penditures resulting from these leaks. 
And, finally, every effort should be 
made to establish equitably the proper 
responsibility for these damages. 
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Municipal Liability—Benjamin J. Spitz 


HIS paper will deal briefly with 
T the legal liability of the municipal- 
ity for damage due to water systems 
operated or maintained by it. 

A municipal corporation exercises 
two kinds of functions. In one class 
is the private, proprietary or business 
function and in the other, the strictly 
governmental type—such as operating 
a fire or police department. 

When the municipality is perform- 
ing a strictly governmental function, 
it is, in a sense, exercising certain 
aspects or attributes of the state’s 
sovereignty and is therefore exempt 
from liability, just as the state would 
be. It has generally been decided in 
all the states, however, that when 
maintaining and operating a water 
plant or department, a municipality is 
engaged in a proprietary or business 
function and is liable for any neglect 
or negligence, just as a private indi- 
vidual would be. 

Of course, the municipality is not an 
insurer of the safety of its plant or its 
pipelines. It is liable, however, if the 
injury or damage is the result of 
negligent construction or negligent op- 
eration and maintenance. Where the 
damage is the result of negligent con- 
struction, the injured party may re- 
cover against the municipality without 
the necessity of showing that the mu- 
nicipality had notice of the condition. 
But when the damage is the result of 
wear and tear, in order for the munici- 
pality to be held liable it must be 
shown that the condition which pro- 
duced the damage complained of had 
been brought to the prior notice of the 
municipality (“‘actual notice’), or that 
the condition had existed for a space 
of time long enough to afford the 
municipality sufficient opportunity to 


of “negligence” always controls. 


observe the defect (“constructive no- 
tice’’). 

The question arises: What would 
be the liability of a municipality that 
furnishes water for fighting fires, which 
is a governmental function, and also 
engages in the sale of water for a 
profit, which is nongovernmental ? 

It is generally held in this country 
that although the water works system 
is used not only to supply water to 
the inhabitants but also for fire pro- 
tection—or even chiefly for fire pro- 
tection—this fact will not exempt the 
municipality from liability. The city’s 
liability applies to injuries not occur- 
ring through the use or maintenance 
of the plant in connection with the 
extinguishing of fires. The fact that 
the city may maintain the water de- 
partment to economize, rather than to 
profit by it, has no bearing on the 
matter. 

The rule is somewhat different as 
to lateral service pipes attached by 
consumers. It would seem that the 
municipality is not liable until it has 
been duly notified of the defects in such 
pipes ; after notification, it becomes the 
city’s duty to remedy these defects. 

The decisions of the various states 
concerning the liability of a municipal- 
ity for damage due to a break in a 
hydrant are in conflict. Whenever 
the subject of the municipality’s negli- 
gence is involved, it becomes a ques- 
tion for the jury. 

In general, the law may be summed 
up as follows: unless it can be proved 
that the original installation was faulty, 
or that repairs were not made after 
notice of a defective condition, the 
municipality is not liable. The theory 
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Recommendations 

It is therefore recommended that the 
municipality or public water supply 
commission keep accurate and compre- 
hensive records, enabling it, if neces- 
sary, to show in court that it has ful- 

filled its responsibilities by exercising 
due care and taking quick action after 
being notified of defects. 

In addition, insurance should be ob- 
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tained to protect the municipality 
against personal-injury and property- 
damage suits. The insurance should 
start for large amounts, to keep the 
cost low. The risk of being uninsured 
against small claims is worth taking 
because the value of the premiums 
saved will more than compensate for 
the lack of insurance in these minor 
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A paper presented on Sept. 19, 1947, at the Michigan Section Meeting, 


Bay City, Mich., 


A’. ING the many products of in- 
dustry that have been developed 
to the point of practically universal 
acceptance so far in this century are 
the automobile, airplane, electric (and 
mechanical) refrigeration, radio, air 
conditioning and water conditioning. 
Another device, although still in its 
early stages, may soon be as much in 
demand as those few just mentioned. 
From the literature (1-46) published 
to date it appears that the progress of 
the heat pump can now be compared 
to the state of development of the auto- 
mobile in 1900, the airplane in 1910, 
the radio in 1920, air conditioning in 
1930 and television in 1940. 

As the name implies, the heat pump 
is a device for taking heat from a 
lower temperature and placing it at a 
more desirable higher temperature. 
The electric refrigerator operates on 
this same principle and may correctly 
be called a heat pump. 

At the present stage of development, 
it is possible to obtain (pump) 3.5 
times as much heat (in Btu.) as is ex- 
pended in the effort. - Instead of the 
term efficiency, the term “‘coefficient of 
performance” is used in measuring the 
operation of a heat pump—the larger 
the value of the C.P., the more effi- 
cient the heat pumping system. With 


a well water temperature of 50°F. and 
the warm air temperature from the 
heat pump at 110°F., the theoretical 
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C.P. would be 9.5. This indicates that 
there is a good possibility of improve- 
ment over the present results by re- 
ducing preventable losses. 

The principle on which the heat 
pump operates is not new. Scientific 
literature states that the idea was first 
proposed in 1852 by Lord Kelvin, who 
demonstrated the cycle and called it a 
“warming engine.” It is thoroughly 
sound thermodynamically. The lack 
of efficient heat-exchange equipment 
and compressor units was the princi- 
pal reason for the slow development 
of the heat pump. 

Much development work, however, 
has been accomplished during the past 
fifteen years. The steady reduction of 
electric rates and the increased cost of 
oil, gas and coal have provided addi- 
tional impetus. 

At present there are over 300 
stallations throughout the United 
States. Many have been installed and 
are in successful operation in Switzer- 
land, and there are also scattered in- 
stallations in South America, England 
and elsewhere. 

As is true with all new develop- 
ments, the cost of the units is rela- 
tively high, and the heat pump may 
still be classed as a luxury item when 
considered for residential use. Sixty 
thousand Btu. per hour is required for 
heating a well-insulated, average six- 
room residence when the outside tem- 


We 
ae 
» 


586 


perature is — 10°F. A unit having 
this capacity would now cost $2,200 
installed. As packaged units are de- 
veloped and custom building gives way 
to production by assembly-line meth- 
ods, the cost is expected to be reduced 
to well under $1,500. 

The total estimated annual electric 
consumption for a normal heating sea- 
son of 7,014 degree-days in Lansing, 
Mich., for a six-room residence would 
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, 
become apparent when, because of the 
heat pump, the residential use of elec- 
tricity has increased six to eight times 
over the present average. 


Operating Principles 

To explain the operation of the heat 
pump it is helpful to start with a hy- 
draulic analogy, such as is illustrated 
in Fig. 1. Assume it is desired to 
supply water to a community located 
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be 10,500 kwhr. At 1¢ per kilowatt- 
hour the annual electric bill would be 
$105. The calculation of the cost of 
operating a heat pump may be based 
on the lowest graduated rate if other 
electric usage is sufficient to warrant 
it, since the power required for the 
new heat pump should be considered 
as the last increment. Even if the pres- 
ent rate structure does not provide 
for greater use of electricity, the ad- 
visability of adding a lower step may 


50 ft. above a plentiful and practically 
unlimited supply of water at zero da- 
tum and that the head to be maintained 
is 150 ft. at the community. Also as- 
sume an adequate but limited supply 
of water at 1,080 ft. above the zero 
datum, 700 gpm. being the quantity 
required forthe community. By draw- 
ing 200 gpm. from the water source 
at 1,080 ft. elevation and driving a 
hydraulic turbine at zero datum, it 
would be possible to pump the 700 
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gpm. required. The coefficient of per- 
formance of this system would then be 
700 divided by 200, or 3.5. The theo- 
retical C.P. would be 1,080 divided by 
200, or 5.4. The ratio of these two 
would be 0.65, which is the efficiency 
of the system. The losses would con- 
sist of entrance, exit and friction losses 
in the pipes and the losses in the hy- 
draulic turbine and pumping unit. 
Figure 2 illustrates the arrangement 
of the four principal elements of the 
heat pump: the compressor, the air 
radiator, the expansion valve and the 
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As this gas is compressed, its tempera- 
ture and pressure are raised. At the 
elevated temperature and pressure it 
is pushed through the air radiator, 
which performs a function similar to 
that of a condenser under a steam tur- 
bine in a power plant, except that the 
heat extracted from the refrigerant, 
instead of being rejected, is blown into 
a duct system and then to the various 
rooms to be heated. 

A fan or blower moves air from the 
return air ducts through the air radi- 
ator and picks up the heat necessary 


Refrigerant 
Liquid 


Evaporator for heating cycle 
Condenser for cooling cycle 


Warm Air 


ee 


Cool Air 


Air Radiator 
Condenser for heating cycle 
Evaporator for cooling cycle 


water radiator (or heat exchanger). 
This arrangement may also be called 
the path or cycle of the refrigerant. 
The path shown is for heating a resi- 
dence. 

The refrigerant acts as a transport- 
ing medium for heat (Btu.) between 
the water radiator (evaporator or heat 
inlet) and the air radiator (condenser 
or heat outlet). 

When the electric motor is running, 
the compressor pulls the low-pressure 
refrigerant gas from the water radiator. 


Water Radiator 
Refrigerant 
Gas 
Refrigerant 
Vapor 
Motor 
driven 
Compressor 


to replace that lost from the building. 
When the refrigerant gives up its heat 
to the air being blown across the air 
radiator, the refrigerant vapor is con- 
densed to a liquid. The refrigerant 
has given up the temperature acquired 
by passing through the compressor but 
is still at the high pressure, allowing 
for the small amount of pressure lost 
in causing the flow of the compressed 
gas. The liquid refrigerant is then 
passed through an expansion valve. 
Because of the reduction in pressure 
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the refrigerant is considerably cooled. 
After leaving the expansion valve, the 
refrigerant, in the form of a vapor at 
a low temperature, passes through the 


water radiator, or other heat source, 


Path of Refrigerant in Heat Pump 


where another supply of heat to be 
carried to the air radiator is picked 
up. The low pressure gas is then 
pulled into the compressor to begin 
another cycle. 
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The cycle or path of the refrigerant 
gas just described is similar to that ob- 
taining in any household refrigerator, 
which is a heat pump with the same 
four principal elements arranged as in 
Fig. 2. In the household refrigerator, 
the mechanism pumps heat from the 
interior of the cabinet to the room con- 
taining the refrigerator. In a refrig- 
erator the heat source is the area 
around the ice cubes and is generally 
referred to as the evaporator. The air 
radiator illustrated in Fig. 2 is eom- 
monly called a condenser or cooling 
coil; it is located near the compressor 
and usually has a fan blowing air 
across it to dissipate the heat removed 
from the interior of the cabinet. The 
coefficient of performance of a house- 
hold refrigerator is 2. 

In a refrigerator which 
has an input of 220 w. to the compres- 
sor motor, 750 Btu. per hour will be 
removed from the interior of the cabi- 
net. The heat released into the kitchen, 
which is the usual location of the re- 
frigerator, will be the sum of the heat 
equivalent of the electric input to the 
compressor motor and that obtained 
from the interior of the cabinet. For 
the conditions stated above, the total 
heat to the kitchen would be 1,500 
Btu. per hour. As 220 w. is equiva- 
lent to 750 Btu., this results in a co- 
efficient of performance of 2. 

The motor losses in a household re- 
frigerator usually account for 15 per 
cent of the input power, and the me- 
chanical losses in the compressor for 
30 per cent. The useful work done on 
the refrigerant gas is usually 55 per 
cent of the total input power. These 
units are relatively small, requiring 
motors on the order of 4-$ hp. The 
motor and compressor are larger for 
residential heating with a heat pump. 
The motor size may range from 3 to 
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10 hp., depending on the residence 
heat-loss rate. It is possible to obtain 
better efficiencies on these larger-size 
compressor and motor units. For resi- 
dential heating 1 hp. will be required 
for every 10,000 Btu. of heat lost per 
hour. 
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Heat Pump Using Ground Water 
Heat Source 


Figure 3 shows a comparison of the 
paths of the refrigerant when the heat 
pump is used for heating and for cool- 
ing. A study of this schematic ar- 
rangement indicates that the path 


through the compressor is the same for 
either operation. 


The only difference 
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is that the system is piped and valved 
in such a manner that the air radiator 
and the water radiator are interchanged 
when the unit is employed for cooling 
instead of heating. When used for 
cooling, the heat source is the interior 
of the residence from which the heat 
is to be removed. The change from 
the heating to the cooling cycle or vice 
versa is accomplished by the automatic 
operation of four solenoid valves. The 
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The conventional air-duct system can 
be used to transport air to and from 
the space to be heated or cooled. Fil- 
ters, humidifiers and dehumidifiers can 
be added to produce any qualities de- 
sired in the conditioned air. 

There are three principal sources 
from which heat may be obtained by 
the heat pump: (1) outside air, (2) 
the earth and (3) ground water. For 
the southern area of the United States 
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only other items of equipment neces- 
sary are two check valves and an addi- 
tional expansion valve. The entire 
operation of the heat pump can be 
controlled from a single thermostat. 
A typical control setting would be: 
heating start, 72°F.; heating stop, 73°; 
cooling start, 76°; and cooling stop, 
75°. These temperatures could be 
changed from time to time to suit the 
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comfort of the user. 


10,000 12,000 14,000 16,000 


air appears to be the desirable source 
of heat. When air temperatures are 
below 40°F., however, there is a tend- 
ency for frost to gather on the coils 
and defrosting would periodically be 
necessary. For the northern and cen- 
tral areas, therefore, the earth or 
ground water appears to be the best 
source. When the earth is used, suf- 


ficient tubing must be buried in the 
soil. 


The amount of tubing necessary 
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Heating Cost Comparisons 
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is dependent on the type of soil and 
its thermal conductivity. In the south- 
ern part of the United States the heat- 
ing and cooling requirements are about 
equal, making for a balanced unit. In 
the north the heating capacity may be 
5 times that required for cooling. The 
same source can be used both for ob- 
taining and rejecting heat. 


Use of Ground Water 


It is chiefly the use of ground water 
as a source of heat that makes the heat 
pump of interest to the water works 
profession. 

During the past fifteen years there 
has been a growing demand for air 
conditioning which is used for a rela- 
tively short period during the summer 
months. The use of cooling water in 
these air-conditioning units usually 
comes at a time when the greatest 
strains are being put on the water pro- 
duction and pumping systems. Dis- 
posal of the waste water after a little 
heat has been added is also a burden 
on the sewage treatment plants, which 
are becoming more numerous. Also, 
ground water supplies are depleted if 
water from private wells is used. 

It is becoming more apparent year 
by year that water is a natural re- 
source which must be conserved and 
not wasted in any manner. The in- 
stallation of a heat pump using the 
heat of the ground water without di- 
minishing the supply would be an ex- 
cellent solution for the problem of the 
additional water demand imposed by 
air conditioning. Moreover, if the 
water were not removed from the 
ground, there would be no disposal 
problem. 

Figure 4 illustrates the general ar- 
rangement and the piping required for 
obtaining heat from, or putting heat 
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into, well water without taking ~ 
water from the ground supply. A 
well-insulated six-room residence al 
ing an hourly heat-loss rate of 60,000 
Btu. at — 10°F. in a locality with a 
normal heating season of 7,000 degree - 
days will require approximately 132,-. 
000,000 Btu. per year. It is expected — 
that this amount of heat may be sup- 
plied by an earth cylinder 45 ft. in 
diameter and 200 ft. deep. The tem- 
perature drop in the area may not 
exceed 10°F. per year, assuming no — 
heat or water flowing i into such a space. Z 


Sufficient data are not now available 
to make possible an accurate = “col 
of the amount of heat that can be _ 
moved from various types of soils or 
wells. There are many variables that 
cont: ' ute to the heat capacity and con- 
ductivity of soils and these must be 
experimentally determined. Such — 
lables include thermal conductivity, — 
moisture content, specific heat and “a 
horizontal velocity of water across the 
well. Another item that should re- 
ceive experimental confirmation is heat 
replenishment. The amount of heat 
contained in a relatively small area of 
the earth is vast, but additional data 
are necessary to prove definitely that 
the amount removed during the heat- — 
ing season will be replenished during 
the cooling and nonheating periods. _ 

Figure 5 shows the approximate 
ground water temperature throughout — 
the United States for nonthermal wells 
at depths of 30-60 ft. The ground 
water temperature in any locality at a_ 
depth of 50 ft. is approximately the 
same as the average annual air tem- 
perature at the ground surface and does 
not vary to any appreciable extent. 
For every 65 ft. of additional depth, 
the temperature of the available water 


increases 1°F. 
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The well from which the thermal 
energy is obtained for winter heating 
consists of a borehole with a 4-5-in. 
diameter, cased to rock and extending 
approximately 200 ft. beyond the cas- 
ing into rock. The heat-collecting sys- 
tem consists of a U-tube extending 
into the well, composed of 1-14-in. 
pipe, as indicated in Fig. 4. The re- 
turn pipe is partially insulated by a 
larger pipe around it, which is sealed 
at the top, providing a dead air and 


water space. The return pipe should 
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tively small, only enough pressure be- 
ing developed to offset the friction loss 
in the pipes and water radiator. No 


water is taken from the well; the water | 


system is entirely closed, requiring no 
moving mechanical parts in fhe well, 
and there is no water loss. 


Fuel Costs 


The total estimated annual electric 
consumption of a heat pump to offset 
the heat loss in any structure is shown 
in Fig. 6. The chart is based on a 
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be of aluminum or copper, either of 
which transfers heat rapidly. Future 
experience may indicate a better ar- 
rangement than the one shown which 
is the result of experience to date. 
Two hundred feet of the U-tube is 
submerged below the static water level. 
A small water pump circulates water 
from the well through the water radia- 
tor (heat exchanger) and returns the 
same water to the well. The pump 
capacity corresponds to the rate of 
water flow determined by the heat 
requirements. The motor size is rela- 
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coefficient of performance of 3.5 and 
an annual load factor of 24 per cent. 
By annual load factor is meant the 
ratio of the average hourly consump- 
tion of electric energy to the maximum 
hourly requirement. To use the chart, 
first calculate the heat loss of the resi- 
dence by the formulas approved by 
the American Society of Heating and 
Ventilating Engineers. Next deter- 
mine the annual number of degree- 
days, which can usually be supplied 
by the nearest U.S. Weather Bureau 
Station. Starting with the number of 
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degree-days on the left side of the 
chart, follow straight across to the Btu. 
heat-loss rate of the residence and then 
down to the bottom of the chart, where 
the estimated number of kilowatt-hours 
required for the heating season is 
shown. In the example indicated by 
the dotted line, for a heating season of 
7,000 degree-days and a heat-loss rate 
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heat utilized. Gas is assumed to de- 
liver 1,000 Btu. per cubic foot, with 
an efficiency of 70 per cent; for oil the 
figures are 140,000 Btu. per gallon, 
efficiency 65 per cent; and for coal, 
13,000 Btu. per pound, efficiency 55 
per cent. 

A sample problem will illustrate 
some of the uses of the chart. If elec- 


of 80,000 Btu., 14,000 kwhr. would tric energy costs 1¢ per kilowatt-hour, 
be needed. what is the cost of 1,000,000 Btu. pro- 
Comparison of Annual Fuel Costs 
Cost per 
Unit Cost Annual Cost 1,000,000 Btu. 
Heating Method Quantity Utilized 
dollars 
Fuel oil* 1,390 gal. 0.11 152 1.21 
Coalt 8.8 tons 14.00 123 0.98 
Gast 180,000 cu.ft. 0.00058 108 0.86 ; 
Direct electric 37,000 kwhr. 0.01 370 2.93 
Heat 
12,300 kwhr. 0.01 123 0.98 
35 10,500 kwhr. 0.01 105 0.83 
CF. 9,200 kwhr. 0.01 92 0.73 
et oh 7,400 kwhr. 0.01 74 0.59 


* Heat delivered: 140,000 Btu. per gallon; 65 per cent efficiency. 
+ Heat delivered: 13,000 Btu. per pound; 55 per cent efficiency. 
t Heat delivered: 1,000 Btu. per cubic foot; 70 per cent efficiency. 


The annual electric consumption 
may also be determined from this sim- 
ple ratio: 1 kwhr. is required per 
degree-day for a 40,000-Btu. hourly 
maximum heat-loss rate. 

The annual cost of energy for op- 
erating a heat pump compares favor- 
ably with the cost of the conventional 
methods of heating. Figure 7 shows 
the cost of heating with various types 
of fuels and with heat pumps of various 
coefficients of performance. This chart 
can be used to compare the estimated 
cost of heating for different prices 
of various fuels. The chart is calcu- 
lated on the basis of 1,000,000 Btu. of 


duced by a heat pump with a C.P. of 
3.5? How does this compare with the 
cost of other fuels? 

Find the intersection of the vertical 
line at 1.0¢ per kilowatt-hour with the 
diagonal representing the 3.5-C.P. heat 
pump; through the point of intersec- 
tion draw a horizontal line across the 
chart (indicated by the dotted line in 
Fig. 7). At the left of the chart the 


cost per 1,000,000 Btu. can be read as 
$0.76. Reading down from the point 
where the dotted line crosses the fuel 
oil diagonal, the fuel oil cost is found 
to be 7.6¢ per gallon; that is, the cost 
of 1,000,000 Btu. produced by the heat 
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pump ($0.76) will be the same as the 
cost of 1,000,000 Btu. produced by 
using fuel oil at 7.6¢ a gallon. The 
equivalent cost of coal is $11.80 per 
ton, while the equivalent for natural 
gas is 58¢ per 1,000 cu.ft. Should 
a comparison of fuel costs be desired 
for an electric energy rate other than 
1¢ per kilowatt-hour, the above equiva- 
lent costs of coal, oil or gas may be 
adjusted in direct proportion. 


Annual Cost Comparisons 


To obtain the estimated cost per 
year it is necessary to calculate the 
annual heat requirements. First de- 
termine the heat-loss rate of the build- 
ing. Then multiply the Btu. heat loss 
per hour for the maximum hour by 
the number of hours in a year (8,760) 
and by the annual load factor, which 
in Michigan would be 24 per cent. 

A typical six-room average insulated 
house requiring 60,000 Btu. to supply 
the heat loss for a — 10°F. hour would 
need 60,000 x 8,760 x 0.24 Btu. an- 
nually, or approximately 125,000,000 
Btu. A comparison of the costs of 
various methods of heating such a 


building is shown in Table 1. ae 


In the present state of development 
the coefficient of performance of the 
heat pump is 3.5. As the demand for 
the heat pump increases, however, tech- 
nical improvements may be expected 
to become more numerous. 

If the heat pump is widely accepted 
as a method of residential heating and 
cooling, the next logical step would be 
to extend its use to other household 
functions, such as food refrigeration, 
deep freezing and hot and iced water 


supply. 


Future Developments 
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Figure 8 shows the heat pump cycle 
superimposed on the characteristic 
chart of Freon.* This chart gives the 
relation of temperature, absolute pres- 
sure, heat content, condition of vapor 
and other physical properties of Freon 
for any state. The heat pump cycle 
as described for Fig. 2 can also be 
traced on the chart, and the tempera- 
ture, heat content, per cent saturation 
and absolute pressure of the refrigerant 
can be determined for any place in the 


cycle. wear 


Conclusions 
Not only is the heat pump an eco- 
nomical method of residential heating 
and a means of water conservation in 
air conditioning, but it also saves fuel. 
One ton of coal burned in a modern 
electric central station will produce 
twice as much residential heating with 
a heat pump as will the same ton of 
coal burned in the average residential 
heating system. To prevent excessive 
demands for electricity, a heat reser- 
voir might be installed to store hot 
water so that the heat pump need only 
operate as an off-peak electric load. 
The theoretical coefficient of per- 
formance of the heat pump is caleu- 
lated on the basis of the Carnot cycle. 
The ratio representing the Carnot 
in which 7, is the ab- 
solute temperature in the air radiator 
and 7, the absolute temperature of the 
water going to the heat pump. This 
ratio is the obtainable portion of the 
heat necessary to effect the heat trans- 
fer. Assuming a temperature of 110°F. 
in the air radiator and 50° in the well 


cycle is 


* Freon is also designated as F12 and has 
the chemical name of dichlorodifluoromethane 
(CCLF.). 
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water, the coefficient of performance 
would theoretically be 9.5. The dif- 
ference between the C.P. of 3.5 now 
attainable and the theoretical C.P. of 
95 is due largely to the mechanical 
losses in the compressor discussed pre- 
viously and to the lack of more rapid 
heat-transfer rates in the air and water 
radiators. 

The size of the system comprising 
the heat pump is comparable to that 
of the present warm air heating sys- 
tems of the same capacity. 

The heat pump provides a combus- 
tionless system for residential heating, 
no chimney being required. It elimi- 
nates the dust, dirt, smoke, fire, explo- 
sion and operation hazards of present 
heating systems. It approximates cen- 
tral steam heating in cleanliness and 
ease of operation, substituting electric 
wiring for steam pipes to bring the 
heat energy into the home. The only 
possible source of danger would be the 
refrigerant used in the heat-transfer 
cycle, and developments in the conven- 
tional refrigeration system have prac- 
tically eliminated this hazard. 

Several manufacturers now have sys- 
tems designed and ready for sale. 
Many of the large electric utility com- 
panies are actively sponsoring this 
method of heating. They consider it 
one of the most promising postwar 
home appliances. With the develop- 
ment of the heat pump, the dream of 


an all-electric home may soon be 
realized. 

References 

1. Anon. Where Does the Heat Pump Go 


From Here? Electrical World, 128: 
5:96 (Aug. 2, 1947). 

2. BupENHOLZER, R. A. Losses the 
Cycle of a Heat Pump Using a Ground 
Coil. Proc. Midwest Power Conf. 


1947, p. 67. 


PUMP 


Problems in the Chicago Area. 


4. 


mn 


“I 


19, 


348 (1931). 


. C. W. 


. Penrop, E. B. 


. ANON, 


. WiLkes, G. 


. CRANDALL, A. C. 


. Doorittie, H. L. 


Freyper, G. C. Heat Pump Application 

Elec. 

Light and Power, 25:8:74 (Aug. 

1947). 

TATHAM, CHARLES Jr. The Electric 
Heat Pump. Pub. Util. Fortnightly, 
39:770 (June 5, 1947). 

The Heat Pump Para- 

dox. Pub. Util. Fortnightly, 39:531 

(April 24, 1947). 

A Review of Some Heat 

Pump Installations. Trans. A.S.M.E., 

Paper No. 47-SA-10 (June 16, 1947). 


. Anon. The Heat Pump—A Program 
for Its Development for Residential 
Use. Muncie Gear Works, Inc., 
Muncie, Ind. (1945). 

. Anon. The Heat Pump. The Archi- 
tectural Forum (Nov. 1946). 

. Crancy, G. E. Reversed Heat-Engine 


Cycle Used in Packaged Air Condi- 
tioner. Electrical Mfg. (July 1946). 
Marvair—Year-round Comfort. 
Muncie Gear Works, Inc., Muncie, 
Ind. (1946). 


. Amprose, E. R.; Kemer, E. N.; Smita, 


M. M.; W. L. Progress 
Report on the Heat Pump. Heating 
and Ventilating, 43:12:67 (Dec. 1946). 


. Sporn, AmsBrose, E. R.; & BAvu- 


MEISTER, THEODORE. The Heat Pump. 


John Wiley and Sons, New York 
(1947). 

. Hatpane, T. G. N. Reversed Refriger- 
ating Cycle for House Heating. Elec- 
trical World, 97:782 (1931). 

. Wrikes, G. & Marpsury, R. E. House 


Heated with 5 to 1 Pickup Ratio. 
Electrical World, 100:828 (1932). 

Domestic Hot Water by 
Cycle. Electrical World, 


(1934). 


Reversed 


109 :970 


_- . Reversed Refrigeration Water 


Water From 4 to 6 
Electrical World, 105: 


Heater—Hot 
kwhr. Daily. 
2476 (1935). 
House Heating With 
Earth Heat Pump. Electrical World, 
126 :94 (Nov. 9, 1946). 

Building Heating With 
Refrigeration Equipment. Power, 73: 
948 (1931). 
Edison 
by 


Heated and 
Power, 74: 


Building 
Electricity. 


Cooled 


4 
le 
a 
1é 
ig 
in 
m 
ce 
th 
al 
| | 
ell 
nas q 
ane 


20. Jennincs, B. H. Heating With Re- 
frigerating Equipment Cuts Current 


Costs. Power, 76:946 (1932). 

21. ANON. 
Building. Power, 83:215 (1939). 

22. ANON. 
Cycle Heating System. 
557 (1941). 

23. Swain, PHILuie W. 
Pump. Power, 88:501 (1944). 

24. ANon. The Heat Pump. 
Eng., 48:73 (Oct. 1944). 

25. ANON. 
British Power Plant. 
(Feb. 1947). 

26. Anon. _Information—Gemco’s 
Pump—Miracula. 
ing & Mfg. Co., St. Louis (1947). 

27. Burcer, E. J. 
Year-round Conditioning for 
26:54 (1948). 

28. ANON. 
in U.S. Combustion, 19:56 (1948). 


29. Anon. Heat Pump Also Presents Rate 
Electrical 


and Supply Problems. 
World, 128:93 (1947). 
30. Reep, F. M. 
Obtains Heat From Cellar 
Elec. Light & Power, 26:74 (1948). 
31. KeMLeEr, E. N. 
Recovery for the Heat Pump. 


1947). 
32. Anon. Airtopia. 
Los Angeles (1947). 
33. JoHNson, W. E. 
the Heat Pump. Architectural 
ord, 103 :4:145 (April 1948). 
34. Anon. Heat Pump Cycle 
Ground Coil. 
Cond., 19:6:92 (June 1947). 
35. KemMier, E. N. Heat for 
Pump. 


a 18:12:81 (Dec. 1946). 


Using 


the 


Heat Pump Serves New Coast 


Experience With a Reversed- 
Power, 85: 


Future of the Heat 
Tower Plant 


The Heat Pump Saves Coal in 
Power, 91:73 


Heat 
General Engineer- 


Heat Pump Provides 
Kyoto 
Office Building. Elec. Light & Power, 


Largest Heat Pump Installation 


Heat Pump Water Heater 
Walls. 


Methods of Earth Heat 
Heat- 
ing and Ventilating, 44:9:69 (Sept. 
Drayer-Hanson, Inc., 
Practical Aspects of 
Rec- 
Heating, Piping & Air 


Heat 
Heating, Piping & Air Cond., 


CLAUD R. ERICKSON 


36. 


37. 


40. 


41. 


44. 


46. 


~ 


. Boester, C. F. 


. Raper, B. F.; 


. KeMLer, E. N. 


4 


Jour. AWWA 


Ciancy, G. E. Using the Reversed Cy- 
cle for Heating and Conditioning, 
Heating, Piping & Air Cond., 18:4: 
90; 18:6:82; 18:8:84 (1946). 

Tucker, J. M. What's Holding Back 
the Heat Pump? Heating, Piping 
and Air Conditioning, 17 :3:117 (March 
1945). 

It’s Not the Heat Pump, 

Professor Tucker. Heating, Piping & 

Air Cond., 17:5:272 (May 1945). 


. Orvacre, M. S. Problems to Be Solved 


in Applying Heat Pump. Heating, 
Piping & Air Cond., 20:5:84 (May 
1948). 

Anon. Heat Pump Ground Coil Is 
Made up of 40 Pipe Units. Heating, 
Piping & Air Cond., 20:5:85 (May 
1948). 


Crancy, C. E. How to Use Ground 


Water Without Pumping It From 
Well. Heating, Piping & Air Cond, 


19:12:90 (Dec. 1947). 

Boester, C. F.; & Hut- 

cHINSON, F. W. The Heat Pump— 

How to Analyze Earth as a Heat 

Source. Heating, Piping & Air Cond, 

20:3:82 (March 1948). 

Methods of Earth Heat 
Recovery for the Heat Pump. Heat- 
ing and Ventilating, 44:9:69 (Sept. 
(1947). 

Sporn, P. & Ambrose, E. R. Heat 
Pump Defrosting Cycle. Heating and 
Ventilating, 42:7:55 (July 1945). 


5. Ociessy, S. Jr. & E. N. En- 


ergy Storage in Heat Pump Appli- 
cations. Heating and Ventilating, 44: 


11:69 (Nov. 1947). 
Ocxessy, S. Jr.; PEASE, W. C.; & Fre- 
BERG, C. R. Progress Report on Heat- 
Transfer Tests of a Buried Copper 
Pipe. Heating and Ventilating, 45: 
3:87 (March, 1948). 


wate 
Jo 
tal 1 
flow, 
and 
Thes 
firme 
venir 
ory | 
amplh 
the v 
soluti 
proba 
of We 
or Of 
study 
calcul 
appro 
some 
but n 
use. 
values 
to 
metho 
proble 
tions, 
offers 
calcul: 
time a 


use O 


ay 
T 
to | 
(1) 
worl 


N.J., by S. Logan Kerr, ¢ 
Inc., Philadelphia. 


City, 
Co., 


HE A.W.W.A. was one of the first 
T organizations in the United States 
to publish a comprehensive treatise 
(1) on water hammer, embodying the 
work of N. Joukovsky on cast-iron 
water mains in Moscow in 1897. 

Joukovsky established the fundamen- 
tal relations between the velocity of 
flow, the velocity of the pressure wave 
and the rate at which flow is cut off. 
These fundamentals have been con- 
firmed many times during the inter- 
vening 50 years or more, and the the- 
ory on the subject has been greatly 
amplified by many writers throughout 
the world. 

Much mystery has surrounded the 
solution of water-hammer problems, 
probably because of the complex theory 
of wave motion and the lack of time 
or opportunity for most engineers to 
study the details or to perform the 
calculations. As a result, a number of 
approximate formulas were developed, 
some of which are good within limits, 
but most of which are dangerous to 
use. The variations from the true 
values range from 35 per cent below 
to 500 per cent above. The graphic 
method for solving water-hammer 
problems effects material simplifica- 
tions, and for some complex cases it 
offers the only practical means for 
calculating surge pressures. Much 
time and effort has been saved by the 
use of this nee, but specialized 
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Practical Aspects of Water Hammer 
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knowledge is still required to apply it 
correctly and it is not yet widely used. 

How then can the practical aspects 
he presented in simple form, to enable 
the average water works man, designer, 
purchaser or operator to know when a 
situation is dangerous or when reason- 
ible water-hammer pressure allowances 
can be used with safety? There is no 
complete answer to this question, but 
perhaps it may be helpful to discuss 
generally some of the fundamental re- 
lations that determine water-hammer 
pressures, omitting involved formulas 
as far as possible. 
Fundamentals 

Four fundamental relations are es- 
sential for even a preliminary study of 
the subject of water hammer: 

1. Velocity of flow in the pipeline. 
With the size, type and age of the pipe 
known, and the flow rate established, 
the water velocity, V, can be computed 


readily. Water works practice, par- 
ticularly in distribution systems, has 
commonly limited the maximum flow 


rate to approximately 3 fps., with 5 
fps. as the top value usually encoun- 
tered. Higher velocities are some- 
times found in pump discharge lines, 
in long flow lines or in aqueducts. 

2. Length of pipeline. The length, 
L, of a single line le ading froma pump- 
ing unit to a reservoir or standpipe is 
easily measured. The same determina- 
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tion can be made on trunk lines or long 
runs without take-offs. When a dis- 
tribution system is to be studied, the 
situation immediately becomes complex 
and the length of the line can only be 
guessed at. 

3. Time of valve operation. The 
time, 7, of valve operation is a factor 
that can be quite troublesome, as the 
total elapsed time is not a true measure 
of the rate of cutting off flow. The 
behavior of various types of valves in 
shutting off flow is familiar to all. 
The first part of the stroke changes 
the flow very little; then, from about 
the half-closed position to full-closed, 


Values of Modulus 


Modulus E 


Material _ 1,000,000 psi. 
Steel 28-31 
Average 3000 
Average 11 
Centrifugally cast 12 
Average 
Asbestos Cement 2.8-4.2 
the rate of cutoff is more rapid. The 


effective time, T,, for flow cutoff must 
be found for the particular valve and 
its service conditions before much can 
be known about the possible surge 
pressures. 


The critical time, seconds (a 


being the pressure wave velocity), is 
the time for one wave cycle to travel 
up and down the pipe. 

4. Pressure wave velocity. The 
pressure wave velocity, a, is a basic 
requirement and is affected by the 
thickness of the pipe wall, the diam- 
eter, the material of construction and 
the elasticity of both the material and 


the flowing water. When these factors 
are known, the value of the surge wave 
velocity can be determined by a simple 
calculation. 

Upon the accuracy of these four fun- 
damentals depends the accuracy of 
water-hammer calculations. In water- 
hammer design studies, many assump- 
tions are required, and the accuracy of 
the resulting calculations is affected 
in various degrees by the correctness 
of these assumptions. 


Practical Considerations 


The water works engineer or op- 
erator ordinarily is concerned with 
water hammer due to the operation of 
a valve in a long conduit or in the dis- 


TABLE 2 


Water Elasticity and Pipe Material 
Modulus Ratio (M,) 


Material = 
Steel 100 
Iron 
Pit-cast > 37 
Centrifugally cast _ 41 
Asbestos Cement 11-12 


tribution system. In addition, he must 
deal with adverse conditions which may 
result from the improper adjustment 
or use of a quick-operating valve, 
either automatic or manual. The 
surges which occur when motor-driven 
pumping units are shut down, either as 
a routine operation or because of a 
power failure, are becoming more and 
more serious as flow line velocities 
increase. 

The simplest and safest, although 
perhaps too conservative, basis of al- 
lowing for water-hammer conditions is 
to consider only the flow line velocity 
as a finite, easily determined factor and 
assume that the remaining three fun- 
damentals are at their critical values. 
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In pursuing this line of reasoning, 
onlv one formula is needed: 


in which /, in feet, or p, in pounds per 
square inch, is the water-hammer pres- 
sure in excess of the normal pipe pres- 
sure; a is the velocity of the pressure 
wave, in feet per second; g is the fa- 
miliar 32.2 fps. per second; and V’ is 
the flow line velocity, in feet per sec- 
ond, cut off by the valve or other ac- 
tion in the critical time or less. 

On distribution systems fed from 
reservoirs or elevated storage tanks, if 
an effective cutoff time (7,) is as- 
sumed short enough to be equivalent 
to the so-called instantaneous stoppage 
of flow, Formula (1) applies. The 
length and time factors are not then 
important, since the pressures com- 
puted from Formula (1) are the ma.xi- 
mums that could ordinarily result. 
The only exception involves wave res- 
onance found infrequently where the 
“hunting” of valve controls may am- 
plify surges or where dead ends and 
branch pipes may pile up wave reflec- 
tions under extreme conditions. For 
ordinary installations these need not 
be considered as critical. At most, 
they can cause pressures 50-100 per 
cent in excess of those given in For- 
mula (1) in all but the most excep- 
tional situations. 

Since the flow line velocity (V7) is 
known or can be determined and g 
is a known constant, the only factor 
vet to be arrived at is a and Formula 
(1) becomes : 
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If some simple means of determin- 
ing a (the pressure wave velocity) can 
be found for all the different types of 
pipe used in water supply lines, the 
problem can be solved by referring to 
tables or charts rather than to complex 
mathematical formulas. 


Surge Wave Velocity _ 


The research and test work on water 
hammer carried out in the last half 
century have established a significant 
fact—the velocity of the water hammer 
or surge wave is the same as the veloc- 
ity of sound in a fluid-filled pipe. The 
elastic properties of the pipe are fairly 
well known, and water is compressible 
on the order of 34 ppm. Thus there is 
an elastic system in which the relation- 
ship of the physical dimensions and 
elastic values can be established, and 
hence the wave velocity can be calcu- 
lated with a great degree of accuracy. 
The formula is: 


in which a is the wave velocity (fps.), 
k the modulus of compression of water 
(psi.), E the modulus of elasticity of 
the pipe material (psi.), d the internal 
diameter (in.) and e the wall thick- 
ness (in.). 

Examination of Formula (2) will 
show that the maximum wave velocity 
a is 4,660 fps. (sometimes given as 
4,720) for a rigid conduit such as a 
rock tunnel. The relations between 
the modulus of elasticity of water and 
the modulus of the pipe walls, as well 
as the ratio of the inside diameter to 
the thickness of the pipe, may tend to 
reduce this velocity but cannot in- 
crease it. 
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The value of k has been reported as 
290,000 to 300,000 psi. The modulus 
of the pipe material, E, depends upon 
many factors and the values vary to 
some extent, but Table 1 gives those 
usually accepted. 

Based on the average values of E£, 
Table 2 gives the ratio, M,, of the 
modulus of elasticity of water to that 
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tained. The numbers at the right of 
the curves in the chart represent the 
modulus of elasticity, E (in 1,000,000- 
psi. units), for the various pipe mate- 
rials. 


Comparative Wave Velocities q 


Taking the equivalent diameter and 
pressure specifications for steel, as- 
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of the pipe material. Then Formula 
(2) becomes: 


(2a) 


From the tables of standard pipe 
sizes, the ratio of the internal diameter 
to the wall thickness can be calculated, 
and by the use of the chart in Fig. 1 
the surge wave velocity can be ob- 


bestos-cement and cast-iron pipe for 
the same service, and utilizing the sim- 
plified analysis previously described— 
again assuming a practically instan- 
taneous cutoff of flow—the correspond- 
ing results would be as given in Table 
3. Standard published tables of di- 
mensions have been used throughout. 
The physical characteristics of the pipe 
walls are from the literature and the 
allowances for barrel thickness over 
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machined-end thickness have been ob- 
tained from published articles and 
from data supplied by manufacturers 
of asbestos-cement pipe. 

An examination of Table 3 shows 
that for the same general specifications 
the velocity of the pressure wave in 
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Many factors tend to reduce these 
surge pressures, and the average figure 
given above can be affected greatly if 
the flow is cut off at a much slower 
rate than the critical time, or if branch 
pipes are still flowing freely and act- 
ing as points of relief for surge pres- 


4-in. pipe is in the range of from 3,600 sures. The actual water hammer above 
TABLE 3 
Wave Velocities of Various Pipes 
Insid Wall Thick- | Wav 
| 
4-in. Pipe (150-psi. service) 
Steel (standard weight) 4.026 | 0.237 | 17.8 30.0 4,290 
Cast Iron (pit-cast) 4.000 0.40 | 10.0 11.0 4,120 
Cast Iron (centrifugally cast) 4.012 0.34 11.8 12.0 4,090 
Asbestos Cement (ends) 3.950 0.45 $3 3.4 3,570 4 
Asbestos Cement (barrel)* 3.950 | 0.59 | 6.7 3.4 3,780 
14-in. Pipe (150-psi. service) 
Steel (standard weight) 13.25 | 0.38 34.8 30.0 4,010 
Cast Iron (pit-cast) 14.39 0.63 22.8 11.0 3,660 
Cast Iron (centrifugally cast) 14.20 0.55 25.8 12.0 3,620 
Asbestos Cement (ends) 14.00 1.13 12.4 3.4 3,270 
Asbestos Cement (barrel)* | 14.00 1.27 11.0 3.4 3,390 


* Average 0.10-0.13-in. overrun on barrel compared with machined ends. 


per cent of the total length per section. 


to 4,300 fps. The corresponding wa- 
ter-hammer pressure is approximately 
48-58 psi. for each foot per second of 
pipeline flow cut off instantaneously. 

For the 14-in. pipe, the range is 
lower, being from about 3,300 up to 
4,000 fps., equivalent to pressures of 
45-54 psi. for each foot per second of 
flow line velocity cut off. The differ- 
ences are not great and the rough 
average could be taken as approxi- 
mately 50-psi. water-hammer pressure 
for each foot per second of pipeline 
velocity cut off in the critical time or 
less, 


Barrel is approximately 75-80 


normal may be only one-third to one- 
half of the maximum suggested and 
may sometimes be even less. 

Allowances for Water Hammer 


The “American Recommended Prac- 
tice Manual for the Computation of 
Strength and Thickness of Cast-Iron 
Pipe” (2) includes recommended al- 
lowances for water-hammer pressures 
in addition to the static pressure. 
These allowances vary with the diam- 
eter of the pipe, but no adjustment 
has been made for the thickness varia- 
tions due to different normal pressure 
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ratings or to the velocity of flow in the 
pipe. If it is assumed that Class C 
pipe for a 300-ft. head (143 psi.) 
would represent an average value, then, 
utilizing the analysis previously set 
forth, the equivalent velocities cut off 
within the critical time would, for 
these allowances, correspond to the 
values shown in Table 4. 


TABLE 4 


Cast-Iron Pipe Water-Hammer Allowances 
and Estimated Equivalent Flow Cutoff* 


Pipe Water Flow 
Diameter Hammer Cutofft 
pst. fps. 

120 7 2.5 

116 2.0 

100 1.9 

90 

85 = 1.6 

80 1.6 

75 1.5 

70 


* Water-hammer allowances based on ASA tables (2). 
+ Values based on Class C cast-iron pipe and with 
assumed valve closure in less than critical time where 


~ 2.32. 

It is interesting to note that in the 
smaller sizes the water-hammer allow- 
ance corresponds to a flow velocity 
cutoff of about 2} fps., while in the 
larger sizes the water-hammer allow- 
ances would correspond to an instan- 
taneous cutoff of about 1} fps. in the 
pipeline velocity. 


Conclusions 


It is evident from an inspection of 
Fig. 1 and Table 3 that the differences 
in the surge pressures resulting from 
stopping any given flow in a pipeline 
depend upon the diameter, thickness 
and material of construction of the 
pipe. To set up arbitrary allowances 
for water-hammer pressures without 
considering these additional factors 


would seem at times to impose a severe 
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penalty, while at others the arbitrary 
allowances might not be great enough, 

Once the flow conditions and size 
recommendations have been established 
for a given pipeline, whether it is in 
the distribution system or in a long 
flow line or trunk main (exclusive of 
pump discharge lines), the maximum 
instantaneous water-hammer pressures 
above normal can be computed readily 
from the charts and tables included in 
this paper. 

If the allowances appear to be ex- 
cessive and tend to increase the cost 
of the pipe by a substantial amount, 
the potential savings due to the use of 
lighter pipe would justify a further 
study of the water-hammer conditions. 

Particular attention should be paid 
to the valves installed for controlling 
flow. It is usually possible to adjust 
the time of closure to a matter of min- 
utes rather than seconds, so that the 
effective time (T,) will be long enough 
to avoid a heavy pressure rise. Auto- 
matic operating valves should be care- 
fully regulated to prevent rapid closing 
or opening and special precautions 
should be taken to avoid either slam- 
ming shut or “hunting.” 

Pressure-regulating valves, altitude 
valves and other types of line controls 
can cause dangerous surges if not ad- 
justed to sufficiently slow operating 
speeds. The use of an oversize valve 
may cut off the flow too rapidly at the 
end of the stroke and the resulting 
surge may be many times greater than 
the full stroke timing might indicate. 
Much more test and performance in- 
formation on the behavior of control 
valves needs to be made available. 

For pump discharge lines, particu- 
larly where adverse profiles are pres- 
ent, standard allowances for water 
hammer should not be used. Many 


June 


othe 
as tl 
colu 
rota! 
of |i 
the 
pare 
Fi 
and 
cost 
deta’ 
tions 
crea: 
tant 
cond 


| 

a 
er 


= 


June 1948 


other factors must be considered, such 
as the parting and rejoining of water 
columns, the effect of the pump and 
motor characteristics, the inertia of the 
rotating element, the ratio of the length 
of line to the head acting on it, and 
the rate of reversal of flow as com- 
pared with the critical time of the line. 

For large-diameter mains, 30 in. 
and over, the potential savings in the 
cost of pipe will usually justify some 
detailed study of water-hammer condi- 
tions. As the size of the conduit in- 
creases, it becomes even more impor- 
tant to make careful analyses of surge 
conditions. 
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For ordinary flow lines up to 24 in. 
in diameter, and for distribution sys- 
tems, it would be desirable to revise 
present thinking in relation to standard 
allowances for water hammer, so that 
all four of the fundamental factors 
could be considered in selecting the 


proper weight of pipe, 
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Lafayette, Ind., by W. T. 
Sanitary Dist., Chicago. 


LTHOUGH this paper discusses 

the control of metal corrosion in 
a sewage works, it has application to 
water plants as well, because moisture 
is a principal corrosive agent in both. 
This article will describe briefly the 
occurrence, the probable causes and 
the cures of metal corrosion or metal 
failure in the works of the Chicago 
Sanitary District. 

It might be well, at the outset, to 
define the term sewage gas, to which 
frequent reference will be made here- 
after. Sewage gas, as used in this 
paper, is the gas which arises from 
domestic or industrial sewage. It is 
not a definite compound but a hetero- 
geneous mixture of gases, the most 
important of which—from the corro- 
sion standpoint—are water vapor, hy- 
drogen sulfide, carbon dioxide and 
ammonia. Oxygen is, of course, pres- 
ent from the atmosphere. 

By mechanisms not fully understood, 
hydrogen sulfide, when absorbed into 
a condensate gathering upon cold sur- 
faces, oxidizes to sulfurous and sul- 
furic acids, which are very corrosive 
to metal. The hydrogen sulfide itself, 
having a very small molecule, will 
penetrate most paint films to attack 
the metal and form sulfides. Such, 
in general, are the atmospheric condi- 
tions about a sewage works. 

In the sewage itself can be 
oils, greases, soaps and _ fatty 
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These emulsified materials tend to 
collect at the water line and, being 
solvents, act to soften most paints so 
that they are easily damaged by float- 
ing materials. Mineral oils and 
greases, however, protect metal from 
corrosion to some extent when they 
cover the surface. 


Metals Affected 


Unprotected structural steel in sew- 
age plants is everywhere seriously at- 
tacked by moisture, especially in the 
presence of sewage gas. The steel 
must always be either galvanized or 
well painted, or both, to preserve its 
integrity. The Chicago Sanitary Dis- 
trict makes a practice of painting gal- 
vanized surfaces after several months 
of weathering. 

Cast iron is moderately attacked by 
moisture and sewage and sewage gas, 
but structurally it is not seriously af- 
fected by corrosion. 

Copper, brass and bronze are all 
more or less attacked. Copper flash- 
ing, for instance, is of little value where 
sewage gas is strong since it becomes 
very brittle and readily breaks. Brass 
stems in small valves in the gas-col- 
lecting system of an Imhoff Tank at 
Downers Grove, Ill., eighteen years 
ago were all soon broken inside the 
bonnets where they were exposed to 
damp sewage gas. Silicon bronze, 
though attacked — the gas, is less 
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subject to embrittlement than are other 
bronzes and brasses; it too discolors, 
with a loose brown powder spreading 
over the surface but without pitting. 
The discoloration does not seem to 
affect the strength of the metal greatly. 
Experience has shown that brass and 
bronze are quite satisfactory for the 
seats and stems of the valves handling 
sewage and sludge liquids. The cor- 
rosion damage occurs only when these 
metals are used in contact with sewage 
gas. 

For various reasons, the district has 
avoided the use of aluminum in its 
plants. Several years ago aluminum 
sheet failed badly in louvers in a gas 
vent Over a coarse screen chamber at 
one of the pumping stations where the 
sewage gas was very strong. The 
aluminum sheet developed pustules of 
corrosion all over the surface, which 
filled with a brownish white powder. 
A peculiar lamination of the metal oc- 
curred at the edges of these corrosion 
pits, and a sample of: the louvers 
brought into the office continued to 
give off the odor of hydrogen sulfide 
for several weeks. It was suggested 
that this corrosion was entirely due to 
electrochemical action set up between 
the aluminum sheet and the bronze 
hinges which were unfortunately used 
in conjunction with the louvers. The 
author, however, doubted the accuracy 
of this explanation because the pus- 
tules appeared to be too uniformly 
distributed over the sheet. Electro- 
chemical corrosion between the two 
metals would have tended to make the 
corrosion more intense in the vicinity 
of the bronze hinges. 

Aluminum containers for air dif- 
fusers are reported to have failed at 
Cleveland, Ohio, and at Ann Arbor, 
Mich. Aluminum pipe failed in a di- 
gestion tank at lowa City, Iowa, and 
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aluminum Tow-Bro sludge collectors 
corroded in final settling tanks at Mil- 
waukee, Wis. Whether this failure of 
aluminum is peculiar to sewage works 
the author is unable to say, as the 
cause has never, to his knowledge, been 
determined. The white powder ob- 
served was thought to be aluminum 
hydrate. 

At normal temperatures, austenitic 
types of chrome steel are practically 
unattacked by sewage and sewage gas, 
except where the chloride ion is pres- 
ent because of the use of ferric chlo- 
ride in acidifying sludge or for other 
reasons. 

Non-austenitic high-chrome steel (28 
per cent), however, failed miserably 
when incorporated into floats about 36 
in. in diameter and 18 in. deep. The 
floats developed cracks near the weld 
lines, and some were punctured by a 
peculiar type of corrosion. Appar- 
ently the rolls in the sheet mill were 
not always clean. Consequently, small 
pieces of scale or slag were rolled into 
the sheet and were not discovered un- 
til the floats had been made and ex- 
posed to the sewage. These particles 
of scale, being electronegative to the 
metal, set up little galvanic cells until 
they ate themselves out of the sheet. 
When examined afterward the chrome 
sheet appeared moth-eaten, with the 
holes not uniformly distributed over 
the sheet nor in all sheets but in 
groups or patches on some of them. 
In places the holes extended clear 
through the metal, causing leakage and 
destruction of the floats. 

For air ducts, electrical sheet-metal 
boxes and pipes carrying air, galva- 
nized copper-bearing steel is preferred, 
except where cast iron is indicated. 
Recently, however, a number of gal- 
vanized copper-bearing steel pipes, in- 
stalled vertically in a raw-sewage in- 
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fluent channel and delivering air to 
diffuser plates below, became badly 
pitted on the outside. This condition 
may possibly have been due to segre- 
gations in the metal affording areas of 
electropotential difference which, when 
aerated, developed local corrosion cells. 

Where small cast-iron or steel pipe 
or fittings are to carry air to diffuser 
plates, it is advisable to galvanize the 
metal on the inside, because the volume 
of the zinc oxide formed by corrosion 
is much less than that of iron oxide or 
hydroxide which would be formed 
from the corrosion of bare iron or 
steel. Since these smaller pipes carry 
compressed air which is often chilled 
below the dew-point and since the air 
is frequently wet, corrosion is very 
active. At other times the air may be 
warm and dry, so that the previous 
corrosion products are dehydrated and 
blown along to clog the diffuser plates. 
Zinc coatings, however, are of no value 
in an aeration tank where they contact 
well-aerated sewage or activated sludge. 
The severity of the attack seems to in- 
crease from the inlet ends of these 
tanks to the outlet ends, suggesting the 
thought that it is due to a_ biologic 
change in the sewage. It is known 
that the carbon dioxide increases from 
one end of these tanks to the other, 
and Uhlig (1) states that carbon di- 
oxide in solution accelerates the rate 
of corrosion of zinc. A _ galvanized 
coating on a test sample placed at the 
outlet end of one of the aeration tanks 
disappeared completely in 45 days. 

Large air mains in the plants always 
carry warm, dry air direct from the 


compressors. Since no corrosion can 


occur at moderate temperatures with- 
out the presence of moisture, these 
mains do not corrode on the inside at 
any time and are therefore made of 
ordinary structural steel. 


Galvanizing 
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Jour. AWWA 


is unnecessary and organic coatings— 
such as asphalt, coal tar and paint— 
are objectionable, as they all tend to 
dry out, polymerize and oxidize to a 
powder or flake, which will blow along 
into the diffuser plates. To prevent 
corrosion during construction, how- 
ever, it is required that the inside sur- 
faces of these large mains be tempo- 
rarily coated with a paraffin compound, 
which is later removed with solvent 
just before the mains go into service 


Use of Paints 


In the author’s judgment, vinyl- 
resin and chlorinated-rubber paints, 
because of their imperviousness, are 
the most protective organic coatings 
thus far developed. However, because 
of the cost of preparing the surface for 
them—by sandblasting or by some 
other equally effective process—so that 
they will adhere to the steel, they are 
rarely economical in sewage plant 
maintenance. 

For outside air exposure where con- 
ditions are not too damp, nothing has 
been found more economical than a 
paint made with linseed oil reinforced 
by phenolic varnish. The more the 
linseed oil is heat-treated, the more 
impervious and durable it becomes. 
The painters, however, object to the 
heavier bodies, so a compromise has 
been reached by specifying ““M body.” 
This amount of heat treatment length- 
ens the life of the oil, and at the same 
time the workability of the paint re- 
inains acceptable to the painters. 

Since the humidity in many of the 
plant buildings is very high, consider- 
able condensation occurs in the winter- 
time, particularly on the inner surfaces 
of outside doors and windows. As 
linseed oil tends to hydrolyze with 
moisture and lose its value as a pro- 
tective film, inside paints for metal in 
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all of the structures are made entirely 
of phenolic varnish vehicle. This type 
of vehicle not only resists moisture 
better than linseed oil, but it also af- 
fords a harder finish for handrails 
and similar surfaces. 

For underwater protection of steel, 
a system of painting has been devel- 
oped which, if properly carried out, 
is very satisfactory. The steel surface 
is first thoroughly cleansed by brush- 
ing and scraping and is then treated 
with phosphoric acid. Next the. sur- 
face is primed with a phenolic paint 
containing about 25 per cent by weight 
of the pigment, zinc chromate, which 
is able to passivate the steel so that 
it resists corrosion. To inhibit corro- 
sion the zinc chromate must go into 
solution in the moisture which pene- 
trates the film to the steel, but the 
strength of that solution must not be 
reduced by dilution below a certain 
minimum value or passivation of the 
steel will not result. 

Moreover, a great volume of water 
passing over the surface in direct con- 
tact with the paint film tends to ex- 
tract the soluble zinc chromate from 
the surface, so that the effective life 
of the paint is shortened by the loss of 
its inhibitive pigment. To prevent this 
dilution of the inhibitor next to the 
steel, and also its continued extraction 
by solution from the surface, it is best 
to cover the prime coat with a heavy 
film of bitumen having a dried thick- 
ness of ;'5 in. The bituminous coating 
used has generally been a fibrated as- 
phalt emulsion, but a coal-tar coating 
is undoubtedly better if it can be ap- 
plied without lifting the prime coat. 
Coal-tar emulsions are made which 
seem to be quite satisfactory. At the 
Calumet sewage works the tubs of the 
Oliver filters were treated in this way 
in 1935, using a fibrated asphalt emul- 
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sion as a top coat; it was not necessary 
to recoat the surfaces for about seven 
years, even though the tubs were ex- 
posed to sewage sludge acidified with 
ferric chloride to a pH of about 3.5 
and were subject to abrasion from 
rocker agitators. 

It has been discovered, however, 
that when the asphalt emulsion is used 
for this purpose it must be given an 
unusually long time to dry—about two 
weeks is desirable, but a month is 
better—before the surface sub- 
merged, or the bitumen may re-emul- 
sify. 

It may be stated generally that coal- 
tar coatings are more impervious to 
moisture than asphalt coatings of the 
same thickness but are more subject 
to alligatoring in hot weather and 
cracking in cold weather. Hot bitu- 
minous coatings applied by dipping or 
spinning methods are better than those 
applied by daubing, which leaves many 
pinholes as sites for corrosion. 

When well dried, water-emulsion 
coatings are, on the whole, more im- 
pervious than are so-called cutbacks, 
and they develop fewer pinholes for 


rust. 


A word should be said about the 
preparation of the metal surface for 
painting. The surface to be painted 
must be freed of all oil, grease, dirt, 
loose scale and rust, and loose paint. 
Rust pits and reentrant angles must 
be scraped clean, and old paint, where 
it is broken, must be scraped back to 
sound material. 

Following this cleaning work, it is 
advantageous to wash the surface with 
phosphoric acid, which fortifies the 
metal against sulfates and carbonates 
as well as against oxidation. The acid 
also improves the bond of the paint 
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to the steel. Chromic acid, in the 
author’s estimation, is a detriment to 
the phosphoric acid wash. Certain 
phosphoric solutions produce _ better 
coatings than others, since some of 
them draw apart into little islands as 
they react with the steel. The coating 
should dry to a uniform color and a 
continuous film. 

The next item of importance in pre- 
paring the surface is that the metal 
shall be absolutely dry when the paint 
is applied. Flame-cleaning is ideal for 
this purpose if it can be used safely, 
but it is not suitable in sewage works 
because of the explosive nature of 
sewage gas, which is almost always 
present in the very places where mois- 
ture on the surface is a problem. 

If flame-cleaning cannot be used, the 
surface is washed with a solvent (min- 
eral spirits, turpentine, alcohol and the 
like) and is then quickly wiped dry 
with a clean, dry rag and immediately 
painted. The solvent, having a higher 
affinity for the steel than has the mois- 
ture, displaces the latter, so that it can 
be wiped off in the drying operation. 


Corrosion of Contiguous Metals 

Twenty-five years ago the Chicago 
Sanitary District installed an 8-in. 
check valve in the discharge of a Nash 
hydroturbine air compressor. The 
Nash blower, it will be remembered, 
depends upon a water piston to do 
the compressing. As the air tempera- 
ture rises during compression, its ca- 
pacity for moisture increases. With 
this type of compressor, therefore, a 
certain amount of water must be fed 
in constantly to replenish that which 
evaporates. The compressed air, more- 
over, tends to entrain free moisture 
whenever the amount of water sup- 
plied is greater than the amount needed 
on losses. 


wer 
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In order to reduce the back pressure 
on the blower due to friction, the clap- 
per of this particular check valve was 
made of aluminum, while the hinge pin 
and valve seat were unfortunately made 
of bronze. Since the free moisture 
afforded an electrolyte, conditions were 
indeed perfect for electrochemical cor- 
The aluminum, being anodic 
to the bronze, went into solution and 
disappeared from the edge of the clap- 
per, so that the bronze seat corroded 
nearly through the disc. Inside the 
hinge, where the dissolved aluminum 
could not get away, aluminum hydrox- 
ide precipitated in the joint until the 
pressure of the salt became so great 
that the aluminum part of the hinge 
cracked. This experience showed that 
such light clappers should be made of 
fiber or plastic which will neither cor- 
rode itself nor induce corrosion in the 
seat or hinge. Furthermore, the inci- 
dent emphasized the well-known prin- 
ciple that when two metals are asso- 
ciated in damp locations they should 
always be electrically insulated from 
each other. 


rosion. 


Corrosion of Noncontiguous Metals 


Galvanic corrosion may also occur 
when the two metals are not in actual 
contact nor metallically connected in 
any way. 

In dewatering sewage sludge with 
Oliver vacuum filters, the drums in the 
plants were originally covered with 
Monel wire mesh (No. 17 U.S. Ga. 
wire with five openings per inch) over 
which a heavy wool blanket was 
stretched tight for a filter medium. 
The blanket was then held in_ place 
by a silicon-bronze wire (No. 12 B.&S. 
Ga.) wound around the drum on a 
1}-in. pitch. There was no metallic 
contact between the Monel mesh and 
the bronze wire, the two being every- 
¢ 
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where separated by the wool blan- 
ket. 

In operation, the drum rotated in a 
tub filled with sewage sludge acidified 
by ferric chloride to a pH of about 3.5. 
As the drum rotated, the water (and 
acid) was sucked out of the sludge 
cake (and the wool blanket) by a vac- 
uum of 20-24 in. of mercury main- 
tained in the upper compartments of 
the 24 sections of the drum circum- 
ference. 

It was found that both the bronze 
wire and the Monel mesh corroded 
away, the bronze wire lasting about 
two months and the Monel mesh about 
two years. It was surmised that elec- 
trochemical corrosion was involved, 
but how and why the two metals pro- 
duced electric current in this way could 
not be definitely explained, since they 
were nowhere in contact. Moreover, 
in a galvanic cell one metal is usually 
protected by the sacrifice of the other 
in producing the flow of current, yet 
both metals were lost. 

A possible explanation is offered by 
Evans (2), who cites the fact that 
when a metal is submerged in an elec- 
trolyte and one spot is aerated while 
another remains in contact with quies- 
cent liquid, a flow of current will occur 
between the two areas. In iron and 
other base metals, the aerated spot will 
become cathodic to the quiescent area. 
In copper and the noble metals, the 
aerated spot becomes anodic unless the 
aeration is very gentle, in which event 
it may become cathodic to the quiescent 
area. These conditions certainly ex- 
isted on the drum surface. The metals 
in the lower portion were submerged 
in a quiescent liquid while they were 
aerated in the upper portion. 

Other factors may also have entered 
into the phenomenon. For instance, 
what was the effect of the molecules 


of air impinging first upon the silicon- 
bronze wire and then upon the Monel 
wire, always in that order? Were 
electrical charges being carried across 
from one wire to the other and re- 
turning by way of the liquid in the 
submerged portion? The fact that the 
areas of the two metals were in the 
ratio of 1:18 while their correspond- 
ing lives seemed to be in a 1:12 ratio 
would seem to indicate that they were 
in some way being commonly affected. 

To eliminate this corrosion the 
drums were redesigned. The Monel 
mesh was replaced by slotted wooden 
panels to furnish drainage beneath the 
blanket. The wood panels were laid 
on the surface of the drum to produce 
longitudinal grooves evenly spaced 
around its circumference. The blanket 
was then stretched over the drainage 
panels and held tight by wooden splines 
driven outside the blanket into these 
longitudinal grooves and nailed to the 
drum surface. With both metals elim- 
inated by this construction, the corro- 
sion problem ended. 


Bolt Breakage 


Where metal failure occurs the in- 
vestigator must be wary of drawing 
hasty conclusions. Even though the 
evidence points to corrosion of some 
sort, he must remember that other 
agents of destruction are at times 
responsible. 

In the construction of aeration tanks 
at Calumet, a very serious breakage of 
bronze stud bolts occurred in the bon- 
net flanges of 4-in. valves used in air 
lines feeding the diffuser plates. These 
valves were designed with their bonnet 
flanges set down so close to the valve 
body that it was necessary to use four 
stud bolts to fasten the flanges to- 


gether. To expedite the servicing of 
the valves, the stud bolts were re- 
> 


i= 

ire 
Te 
at 
é 
< 
= 
4 


612 w. T. 
quired to be of bronze. The valves 
were installed early in the fall and 
remained in the open throughout one 
winter. In the spring it was found 
that over 400 of the bolts had been 
broken at the root of the thread, either 
just under the nut or just above the 
bottom flange into which they screwed. 
Examination of the broken surfaces of 
the bolts gave the impression of inter- 
granular corrosion, but most crystalli- 
zation and inter-granular failures are 
caused by frequent reversals of stress, 
to which these bolts were not subject. 
Moreover, corrosive conditions were 
quite mild in this location. It was 
finally concluded that the bolt break- 
age was due to excessive stress caused 
by the difference in the thermal ex- 
pansion coefficients of the bronze bolts 
and the cast-iron flanges which the 
bolts gripped. Another factor involved 
was the nick effect of one or two ex- 
posed threads, which caused a concen- 
tration of at the narrowed 
sections. 

To avoid further trouble, the stud 
bolts were changed to steel (whose 
thermal coefficient is close to that of 
cast iron) with bronze nuts for easy 
removal, and no failures have since 
been experienced. Silicon bronze has 
also been used successfully for such 
bolts because it is sufficiently ductile 
to adjust itself to the effects of tem- 


perature. 


Water works men will probably be 
interested in the means taken for pro- 
tecting the inside surfaces of a 250,000- 
gal. elevated steel water tank at the 
West Side Sewage Treatment Works. 
This tank, which holds chlorinated 
aeration plant effluent for various plant 


stress 


Cathodic Protection 
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uses not requiring pure water, is 40 it. 
in diameter and 150 ft. high to the top, 
It has an elliptical bottom, a conical 
steel roof and a 4-ft. riser pipe in the 
center which houses three 8-in. cast- 
iron pipes, one used as an overflow 
and the others for filling and drawing 
purposes. 

Recently, to save the cost and trou- 
ble of frequent shutdowns for interior 
painting, a contract was awarded for 
the cathodic protection of the tank 
bowl and riser below the water line 
and for a special paint job inside the 
tank above the water line, including 
the underside of the roof where the 
cathodic protection does not reach. 

Since ice was known to form in this 


tank and do damage to any construc- | 


tion inside it, the anodes could not be 
left hanging from the roof through the 
winter. If platinum or long-lasting 
magnesium anodes were to be installed, 
they must be removed from the water, 
stored through the winter and _ then 
replaced in the spring. Servicing at 
this height above the ground, with 
men standing on a sloping roof, would 
have been difficult and expensive. 
Moreover, if left in the tank too long 
in the fall, the anodes would be lost. 
On the other hand, if aluminum an- 
odes, of such size as to last only one 
season, were to be installed early in 
the spring, the fall servicing could be 
eliminated. 

Each spring, through holes in the 
roof, new electrodes could be installed 
by hanging them from hooks on the 
underside of the roof plate. When 
connected up electrically, these new 
electrodes would afford effective pro- 
tection for the tank bowl during the 
year. The whole replacement opera- 
tion could be done without emptying 
the tank or disturbing the plant opera- 
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tion in any way and for that reason 
was a very attractive solution. 

The aluminum electrodes, however, 
would be too far away from the riser 
surfaces to be of much use in protect- 
ing them from corrosion. Therefore, 
another type of anode was selected for 
the protection of these areas. This 
consisted of a large-size magnesium 
rod (or anode) hung from the top of 
the riser near its center and metal- 
lically attached thereto for electrical 
connection. The rod was required to 
extend the full height of the riser pipe 
so that all the steel surface would be 
protected by the galvanic action. This 
anode needs no power from the out- 
side as do other types of cathodic pro- 
tection devices. Such magnesium an- 
odes are said to afford protection for 
about five years, so that servicing will 
be very infrequent. 

At the North Side Sewage Treat- 
ment Works a platinum electrode has 
been in successful operation for about 
three years in a pure water tank pro- 
tected by the tower of the Service 
Building and not subject to ice forma- 
tion. The electrode is therefore re- 
moved only at rare intervals for 
periodic examination. 

Cathodic protection, however, does 
not extend beyond the wetted surface. 
The underside of the roof and the tank 
side wall down to the water line are 
subject to very severe corrosion and 
must be protected in some other way. 

Ordinary paints endure this expo- 
sure but a short time. The air in the 
space above the water is always nearly 
saturated with water vapor. In addi- 
tion, in the atmosphere of this elevated 
water tank there are at times traces of 
chlorine, from the effluent chlorination, 
and hydrogen sulfide and ammonia, 
from a delayed decomposition of or- 
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ganic matter in the plant effluent 
water. The morning sun beats down 
upon the steel roof and side walls, 
causing them to become heated. The 
air inside warms up with the metal, 
takes on more moisture and tends to 
saturate the paint on the steel. Then 
the sun goes down in the evening and 
precipitation of the moisture occurs, 
both on and in the paint film, because 
of the lowering of the temperature 
during the night. The next day this 
cycle is repeated, and so on for a good 
many days of the year. In the winter 
a freezing and thawing cycle is added, 
which helps destroy the paint. These 
frequent cycles of heating and cooling, 
wetting and drying, freezing and 
thawing are very destructive of paints, 
especially those which absorb moisture 
readily from the air. For such service, 
a paint must be selected which has a 
low moisture-absorbing characteristic. 

Of all the available paints known to 
the author, chlorinated-rubber and 
vinyl-resin coatings were thought to 
absorb the least water. It was de- 
cided to select a special type of vinyl- 
resin paint employed during the war 
on the hulls of sea-going vessels. This 
is really three different paints applied 
in series and is designated by the orig- 
inators * as the WP-1 system of paint- 
ing. 

Before painting, the steel is first 
thoroughly sandblasted to an absolutely 
clean surface. Then a very thin coat 
(about 4 mil thick) of a special primer 
is applied, consisting of a vinyl-butral 
resin dissolved in an alcohol and ketone 
and pigmented with a type of zine chro- 
mate having a definite chemical com- 
position, unlike ordinary zinc yellow, 
which is a mixture of chemicals. Just 


* Bakelite Corp., New York, N.Y. 
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before application, the paint is further 
mixed with phosphoric acid dissolved 
in an alcohol. This mixture must be 
applied within eight hours or gelation 
occurs. 

It is a well-known fact that ordinary 
vinyl-resin paints do not adhere prop- 
erly to steel even though the surface 
is sandblasted, but with the inclusion 
of phosphoric acid much better adhe- 
sion is secured, since the acid reacts 
chemically both with the steel and with 
the vinyl resin, thereby assuring both 
a chemical and a physical bond be- 
tween the paint and the steel. 

Moreover, the primer includes zinc 
chromate, which is always desirable in 
paints placed next to the steel because 
reliance is not then put entirely upon 
the imperviousness of the paint film, 
but a measure of protection is afforded 
by inhibition, should the water get 
through the film to the steel. 

Over the prime coat another type of 
vinyl-resin paint is used as a “bond 
coat” to make the ordinary vinyl chlo- 
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primer. The bond coat consists of a 
polyvinyl resin dissolved in ketone and 
toluene and is pigmented with red lead 
to stabilize the vinyl. Two coats of 
the familiar copolymer-vinyl chloride- 
vinyl acetate combination, made with 
a white pigment, are applied over the 
bond coat. This vinyl paint is very 
tight, offering the greatest impervious- 
ness to moisture and gas. A white- 
pigmented paint is used to light up 
the interior of the tank for inspection, 
This combination of cathodic proteec- 
tion below and vinyl resin painting 
above the water line inside the tank 
has been completed so recently that its 
success is not yet determined, but the 
author feels quite confident that the 
combination will be able to conquer a 
very difficult problem of corrosion. 
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HE postchlorination of a filtered 
T water is used primarily as a safety 
measure to be sure that any residual 
pathogenic bacteria are destroyed be- 
fore the water enters the distribution 
system. If sedimentation and filtration 
are functioning properly only a very 
small percentage of the total bacteria 
content of the water would remain in 
the filter effluent. Proper sedimenta- 
tion, either as a part of the water sof- 
tening process or as simple clarifica- 
tion, should eliminate a high percent- 
age of the bacteria, either by killing 
or by mechanical removal. 

Hoover (1), working with several 
Ohio water softening plants, found that 
17 ppm. excess lime killed 99.93 per 
cent of the coliform organisms in the 
water. When 20-25 ppm. causticity 
was maintained in the lime treatment 
at Ironton, Ohio, Edwards (2) found 
a decided reduction of micro-organ- 
isms. Scott and McClure (3), study- 
ing the effect of hydrogen ion concen- 
tration on the coliform group, found 
in municipal supplies that an effective 
removal was obtained if pH values 
were maintained above 9.5. 

Wattie and Chambers (4) made an 
extensive study on the bactericidal ef- 
ficiency of lime treatment at various 
pH values using several pathogens as 
well as coliform organisms. Their 
findings show that the pathogen death 
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rate was higher than that of the non- 
pathogens at similar pH values. At a 
pH range of 10.1-10.5 a complete kill 
of organisms was not obtained at the 
end of a four-hour contact period; an 
exposure of eight to ten hours for non- 
pathogens was necessary. In order to 
obtain a 100 per cent kill of these or- 
ganisms within the four-hour exposure 
period pH values of 10.5-11.0 for 
pathogens, and 11.01-11.5 for non- 
pathogens, had to be maintained. 
Temperature influenced the rate of 
kill, neither pathogens nor nonpatho- 
gens being completely killed at 0°C., 
pH 10.01-10.5, in a ten-hour test 
period. 

Baylis (5) stated in 1930 that an 
alum floc could be used for the removal 
of turbidity, color and microorganisms 
by adsorption. Calvert (6), using 10- 
30 ppm. of alum as a coagulant, ob- 
tained an 89 per cent removal of micro- 
organisms in fifteen minutes. Streeter 
(7) demonstrated that an increasing 
bacterial removal was obtained by in- 
creasing the rates of application of 
alum. Flinn, Weston and Bogert (8) 
came to about the same conclusions, 
using water of a low turbidity and 
color. A study was made by Gehm 
(9) to determine the extent of bac- 
terial removal in sewage. He found 


that by using an excess of ferric chlo- 
ride (60 ppm.) 97 per cent of the total 
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bacteria and 70 per cent of the coliform 
organisms were removed. 

Spaulding (10) developed a method 
of softening water by utilizing the ac- 
cumulated sludge to speed the chemi- 
This process employs a 


cal reactions. 


unit called the Precipitator *—designed 


York, 


Agitator Assembly 


Fic. 


* Manufactured by The Permutit Co., 
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as a combination mixing, coagulation 
tank—which brings the 
unstable lime-treated water into equi- 
librium quickly by retaining previously 
precipitated carbonates and hydroxides 
in contact with the flowing water. 
process was shown to give complete 
treatment in one 
four hours required by the conyen- 
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June 1948 BACTERIAL 

The present study was instituted 
primarily to investigate the compara- 
tive effectiveness of the Spaulding 
Precipitator and the conventional four- 
hour treatment in the removal of bac- 
teria; and secondly, by means of pilot 
plant operation, to contribute further 
information on bacterial removal by 
sedimentation at. nonlethal pH values. 


Lime Feed Tank 
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this tank a cone was hung about 12 in. 
from the bottom of the tank. The mix- 
ing zone was in the section between 
the cone and the Precipitator tank. 
The sludge concentrator, attached to 
the inside of the cone at the bottom, 
was extended upward about 2} ft. 
Stilling baffles were welded to the out- 
side of the cone in the mixing zone. 


Alum Feed Tank 


Chemical 
= Mixing 
Tank 


Spaulding Precipitator 


The Precipitator and the conventional 
type of tank were tested with both 


lime and alum. 
7 


The Spaulding Precipitator pilot 
wit is shown in Fig. 1. The outside 
jacket of the Precipitator was 3 ft. in 
diameter and 8 ft. in height. Inside of 


Equipment 


Fic. 2. General Plan of Pilot Plant 


Conventional Settling Tank 


Sampling cocks, a blowoff, a blowback 
and a drain were located at proper 
levels on the side of the tank. The 
incoming mixture of raw water and 
chemicals entered the tank at the 54-ft. 
level and descended into the mixing 
zone to the port. The finished effluent 
flowed off the top through j,-in. ori- 
fices into a collection trough. The 
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accumulated sludge was kept suspended 
and also mixed with the incoming 
water-chemical mixture by agitator 
arms located in the lower mixing zone. 
Agitators in both units were driven by 
a $-hp. motor with a gear box reducing 
the rotation of the agitators to 16 rpm. 
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each unit. 


Automatic sludge blow- 

offs and blowbacks were controlled by 

_ 20-minute time clocks releasing sole- 
noid valves which in turn opened dia- 
phragm valves into the Precipitator. 
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was drawn hourly from this unit by a 
grid lying on the bottom of the tank, 
which assured an even pull of sludge 
from the entire area during the blowoff. 


Procedure 


The Precipitator and the conven- 
tional settling tank were placed next 
to each other with a mixing tank (1 ft. 
in diameter and 34 ft. high) located 
between the units. Lead-in pipes, 16 
in. from the top of the mixer, fed the 


TABLE 1 
Bacterial Reduction—Lime-Alum Treatment 
A 
i Raw Water Precipitator Effluent Settling Tank Effluent 
Hourly 
Bacteria | Coliform Tur- Bacteria | Coliform Tur- Bacteria | Coliform Tur- 
Count Index bidity Count Index bidity Count Index bidity 
1 1,500 950 8 20 | 0 5 100 95 6 
z 1,600 2,500 24 30 5- 110 450 6 
3 1,500 4,500 ae 0 5-— 72 250 7 
4 1,700 750 19 | 4 5- 62 15 7 
5 1,500 4,500 17 25 5 47 45 7 
6 1,800 950 21 4 5 170 25 7 
7 2,000 950 12 4 5- 61 25 8 
8 1,300 950 20 9 5- 33 25 7 
Log Average| 1,585 | 1,532 18 5 : 72 57 
Per Cent 98.9 99.8 95.5 97.0 
Reduction 


The conventional type of settling 
tank (Fig. 2) had a diameter of 6 ft. 
and a height of 8 ft. The mixer, 
which had a diameter of 24 in. and a 
height of 6} ft., was set 12 in. off the 
bottom of the tank. Stator and agi- 
tator blades were attached to a shaft 
in the mixer. The influent from the 
mixing tank entered the mixer 13 in. 
from the top and descended through 
the mixing zone. After mixing, the 
sludge was allowed to settle, and the 
treated water ascended through the 
settling area to the 4-in. effluent ori- 
fices and to a collecting ring at the top 
of the tank, The accumulated sludge 


lime-alum-water mixture to each tank. 
Chemicals were fed into the mixer 
from a steel lime tank and a wooden 
alum tank by electrochemical feeders. 
Charges were added periodically to 
these feed tanks. Raw river water 
was also fed into the mixer, its rate 
being regulated by a float valve. Equal 
rates through both units were main- 
tained by control boxes on the side of 
each tank. In these boxes a butterfly 
valve regulated a float held at a con- 
stant head over the orifice. 

With continuous operation it was 
found satisfactory to charge the feed 
tanks every twelve hours, using raw 
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water as the suspending medium. The 
flow rate through each tank was 6.5 
gpm., giving the desired detention pe- 
riod of one hour in the Precipitator 
and four hours in the settling tank. 
During the bacteriological testing 
hourly checks were made of the pH, 
alkalinity, turbidity and settling rates 
of the Precipitator sludge. Hardness 
was determined daily. About every 
ten days the settling tank was drained 
and flushed out to prevent the accu- 
mulation of sludge. 
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TABLE 2 
Bacterial Reduction—Lime-Alum Treatment 


BY FLOCS 619 
ganisms were grown in nutrient broth 
and were added to the tank twice daily. 

The bacteriological procedure fol- 
lowed Standard Methods (11). Tests 
were made for both total counts and 
coliform indexes. The indexes were 
determined by planting decimal dilu- 
tions in triplicate and reporting the 
colon index by the most probable num- 
bers. In order to eliminate discrepan- 
cies in variable plate counts, each 
100-ml. sample was plated in eight rep- 
licates. By averaging the counts of the 


(Identical Turbidities) 


Raw Water Precipitator Effluent Settling Tank Effluent 
Hourly 
Samples Bacteria | Coliform Tur- Bacteria | Coliform Tur- Bacteria | Coliform Tur- 
Count Index bidity Count Index bidity Count Index bidity 
1 2,100 2,500 8 68 250 8 100 450 11 
Fs 1,900 9,500 50 450 10 63 450 11 
3 1,900 | 45,000 49 450 12 130 1,500 11 
4 1,100 9,500 90 45 11 150 450 11 
5 1,200 | 45,000 94 2,500 10 140 2,500 11 
6 1,400 4,500 100 250 10 130 250 11 
7 1,400 9,500 96 450 11 180 450 11 
8 2,100 4,500 180 250 11 140 750 11 
Log Average} 1,585 | 13,100 83 335 123 640 
Per Cent 94.7 97.5 92.2 95.2 
Reduction 


Red Cedar River water was selected 
for these tests so that the bacterial 
population would be analogous to that 
encountered in practice. One series of 
tests was made using the normal river 
water, while in a second series coli- 
form organisms were fed into the wa- 
ter to produce an unusually high count. 
For the latter series, Esch. coli was 
fed from a tank with a small injector 
pump into the river water line about 


200 ft. ahead of the units. The or- 


eight separate plantings, discrepancies 
due to the plating and sampling technic 
were largely eliminated. All plates 
and fermentation tubes were incubated 
for 48 hours at 37°C. Inasmuch as 


past experience had demonstrated that 
gas production was always due to coli- 
form organisms, the presumptive test 
was considered positive if gas appeared 
in the fermentation tubes in 48 hours. 
In practically all cases, gas fermenta- 
tion was evident at the end of 24 hours’ 
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incubation. Forty-eight-hour readings 
on the agar plates were used because 
it was desired to obtain the maximum 
number of bacteria present in the 
water. 

Samples were collected hourly at 
two points, the raw water from the 
orifice box and the finished water at 
the final effluent outflow. Each sam- 
ple was either tested immediately or 
refrigerated for not more than eight 


hours. 
hours. 


TAB 
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Raw Water 
Hourly Samples 
Coliform lurbidity 
Index 

l 2,500,000 & 
2 950,000 
3 950,000 
+ 950,000 
5 950,000 
6 950,000 
7 450,000 
8 950,000 
9 450,000 
10 250,000 
4,500,000 
2 1,500,000 
Log Average 959,400 

Per Cent Reduction | 


Lime-Alum Studies 


In the first series of tests, the lime- 
alum water softening procedure was 
used. With Red Cedar River water, 
complete treatment resulted at a pH 
of 10.3 to 10.5. Because bactericidal 
action may be found to some extent at 
pH values above 10, it was decided to 
make two runs, one at 10.5 and the 
other at 9.7 to 10, at which point bac- 
tericidal action would not occur. To 
determine the germicidal effect of pH, 
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samples of river water were tested in 
the laboratory at pH 8.3, 10 and 10.25, 
at exposures of one and four hours, 
No reduction in the number of organ- 
isms occurred at pH 8.3 and 10, but 
some was noted at 10.25. When the 
water was treated at 9.7 to 10, under- 
treatment resulted. It was necessary 
to keep the pH above 9.7 in these tests 
because the lime-alum floc became very 
fine and light at this pH, causing a 
considerable carry-over of the sludge 


LE 3 


Coliform Index Reduction—Lime-Alum Treatment 
(Esch. Coli Added) 


Precipitator Effluent Settling Tank Effluent 


Coliform Coliform 


Turbidity Turbidity 


Index Index 
25,000 16 25,000 19 
45,000 18 25,000 19 
45,000 18 95,000 19 

9,500 16 25,000 19 
45,000 17 9,500 19 
25,000 17 45,000 19 

4,500 17 9,500 19 
25,000 16 45,000 19 

9,500 16 111,000 19 
25,000 iz 25,000 19 

4,500 12 25,000 19 
45,000 We 45,000 19 
19,410 29,450 

98.0 97.0 


with the effluent. These latter testing 
conditions showed a higher percentage 
removal of organisms by the sludge 
blanket without the variable of bac- 
tericidal action due to alkalinity, which 
might occur at a pH above 10. Be- 
cause undertreatment occurred at pH 
97 to 10, the data at pH 10.5 with 
complete treatment will be presented. 

In the latter series, the units were 
operated continuously for five days. 
Usually samplings were made hourly 
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each day over an eight-hour period. 
The raw water samples preceded the 
Precipitator sample by one hour and 
the settling tank sample by four hours. 
This was done so that sampling of 
influent and effluent represent the same 
water. The plants were always oper- 
ated until daily sampling gave approxi- 
mately the same _ bacteriological pic- 
tures. Table 1 presents a typical daily 
run, showing the bacterial reductions 
expressed in total counts and colon 
indexes for an eight-hour period. * In 
this series, the turbidities of the efflu- 
ent were maintained at a lower level 
than those of the influent. It will be 
noted that the turbidities were higher 
in the settling tank than those obtained 
in the Precipitator. The raw water 
counts were fairly constant throughout 
the run, averaging 1,585 bacteria per 
milliliter. Coliform indexes varied 
considerably, which was characteristic 
of all samplings of raw water from the 
Red Cedar River throughout the entire 
study. The total count of the Pre- 
cipitator effluent averaged 18 bacteria 
per milliliter with a coliform index of 
5, while in the conventional settling 
tank the total count averaged 72 with 
a coliform index of 57. 

In all of the studies, the turbidity 
was always lower in the Precipitator 
than in the settling tank. It was im- 
possible to maintain the same turbidi- 
ties in both tanks because identical 
treatment of the water resulted in a 
lower turbidity in the Precipitator. 
Because the turbidity was always 
higher in the settling tank, it might 
follow that more bacteria were being 
carried over in the effluent and it could 
be argued that the differences in effi- 
ciencies in bacterial removal were due 
to this factor and not to the effective- 
ness of the sludge blanket. 


Accord- 
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ingly, a second series of tests was made 
in which the turbidities were raised, 
and comparable turbidities were ob-— 
tained by disturbing the sludge blanket 
in the Precipitator to obtain a greater 
carry-over of sludge particles into the 
effluent. Again daily runs were made 
and daily sampling followed. Table 2, 
which presents a typical daily run, 
shows an average reduction in the total 
count of 94.7 per cent and in the coli- 
form index of 97.5 for the Precipitator, 
and an average reduction of 92.2 in the 
total count and 95.2 in the coliform 
index for the settling tank. 

These data indicate that where tur-_ 
hidities were maintained at the same 
point the reductions in the total count 
and coliform indexes were still lower [ 
in the Precipitator. The Precipitator — 
with a sludge blanket is therefore more 
effective in removing bacteria, and the 
higher turbidity obtained in most of 
the studies in the settling tank does 
not account for the higher bacterial 
populations in the effluent. 


The two series presented show the 
results obtained with the lime-alum 
treatment of a water containing mod- 
erate bacterial populations. To obtain 
further data where unusually heavy 
bacterial populations present, 
Esch. coli was fed into the river water 
in excessive A typical daily 
run is presented in Table 3 at pH 10.5. 
The average coliform index of the raw 
water was 959,400. The average coli- 
form index of the Precipitator effluent 
was 19,410 with a reduction of 98 per 
cent. For all the runs, the coliform in- 
dex was slightly higher in the settling 
tank effluent. 

In a water with excessive coliform 
indexes the Precipitator, with a one- 
hour detention period, gave a slightly 
better reduction in the index than did 
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the settling tank with a four-hour de- 
tention period. These data are par- 
ticularly interesting because at pH 
10.5 it would be expected that a greater 
percentage of kill would be obtained 
after four hours’ exposure than after 
one, and still the percentage reduction 
is greater with the Precipitator. 


Alum Coagulation Experiments 


In the first series of experiments 
using alum as a coagulant, raw Red 
Cedar River water was employed so 
that bacterial tests could be made with 
natural water flora. No pH adjust- 
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cent, with an average count of 572 
The average coliform index was 794 
an average reduction of 86.7 per cent, 
The conventional tank gave an average 
count reduction of 60.7 per cent, with 
an average count of 659. The coliform 
index was reduced to 1.439, an average 
reduction of 74.2 per cent. 

These data indicate that the Pre- 
cipitator, with a sludge blanket and a 
one-hour detention period, gives a bet- 
ter bacterial removal both in total count 
and coliform index than the conven- 
tional type of tank after four hours’ 
detention. 


ments were necessary during these 
tests because good coagulation was ob- 
tained at the resulting pH of 7.6. The 
alum dosage was 42 ppm., with clay 
being added at the same rate to induce 
better settling. Sampling and testing 
were done in the same manner as in 
previously reported tests. The results 
of a typical day’s run are presented in 
Table 4. The raw water count aver- 
aged 1,675 with an average coliform in- 
dex of 5,943. The Precipitator gave an 
average reduction in count of 65.8 per 
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TABLE 4 
Raw Water Precipitator Effluent Settling Tank Effluent 
Hourly = 
Sample Bacteria | Coliform Tur- Bacteria | Coliform Tur- Bacteria | Coliform Tur- 
Count Index bidity Count Index bidity Count Index bidity 
1,600 | 9,500 410 450 | 5— 700 950 | 5— 
er 1,400 4,500 640 2,500 5- 790 | 2,500 | 5-— 
hol 3 1,700 9,500 820 950 5- 1,050 950 5- 
4 1,300 4,500 1,050 1,500 | 5- 500 950 5— 
5 1,500 4,500 600 450 5- 650 1,500 5- 
1,600 | 9,500 540 250 | 5— 580 | 950 | 5- 
7 3,200 4,500 490 950 5- 550 | 2,500 5- 
a 8 2,300 | 4,500 390 950 | 5— 600 | 1,439 | 5- 
Log Average, 1,675 | 5,943 572 | 794 659 | 1,439 Z 
Per Cent piee Ns 65.8 | 86.7 60.7 74.2 | 
Reduction | 


In the second series, Esch. coli was 
added, as in previous experiments with 
the lime-alum treatment, to give an 
exceedingly high coliform index, in 
order to learn if the alum sludge blan- 
ket could cope with heavy bacterial 
populations. These tests were run at 
pH 7.6 with the same dosages of alum 
and clay as in the first series. Only 
coliform indexes were checked in this 
series of tests. In Table 5 is presented 
a typical day’s run. An examination 


of this table reveals that the raw water 
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had an average coliform index of 2,- 
500,000, which the Precipitator de- 
creased to 385,000, a reduction of 84.6 
per cent. The conventional tank gave 
an average coliform index of 467,000, a 
reduction of 81.4 per cent. Here again 
the Precipitator with a heavy bacterial 
population gave a greater bacterial 
reduction. 

Inasmuch as the sludge blanket rep- 
resents, in part, sludge which has been 
adsorbing bacteria from the water for 
some time, a check of the sludge was 
made to determine the bacterial con- 


sufficient amount of used sludge ~l 


that the bacterial populations remain 


constant. 


Evaluation 


The results presented in this com- 
parative study of two types of water 
softening equipment are extremely sig- 
nificant in that they show the possi- 
bility of bacterial removal. Inasmuch 
as both plants were operated simul- 
taneously with the same water and 
identical chemical treatment, the re- 
sults are definitely comparable. The 


TABLE 5 


a Coliform Index Reduction—Alum-Clay Treatment 
(Esch. Coli Added) 


Coliform Index 
Hourly Samples 
Raw Water Precipitator Effluent Settling Tank Effluent 
1 25,500,000 300,000 950,000 
2 q d 450,000 95,000 450,000 
3 4,500,000 450,000 250,000 
~ 2,500,000 950,000 950,000 
5 ed 2,500,000 950,000 450,000 
6 2,500,000 450,000 450,000 
2,500,000 200,000 450,000 
8 2,500,000 450,000 250,000 
Log Average 2,500,000 385,000 467,000 
Per Cent Reduction 84.6 81.4 


tent. In these tests sludge samples 
were collected over a period of several 
days’ operation to determine whether 
an increase of bacteria occurred, par- 
ticularly when a water with a heavy 
bacterial population was used. Both 
lime-alum and alum-clay sludges were 


tested with light and heavy bacterial 


populations. With both light and 
heavy bacterial populations, no increase 
in population occurred in eight days of 
operation. It is apparent from these 
data that the drawoff of sludge to 
retain a constant level carries away a 


removal of bacteria would be expected 
in either process, but it is interesting 
to note that a sludge blanket removes 
more bacteria in an hour’s detention 
period than are removed during a 
four-hour period in the absence of a 
sludge blanket. 

In the softening of a sewage-polluted 
water supply, any process that will 
remove more bacteria—although the 
softening process is not necessarily a 
bacterial removal procedure—is sig- 
nificant from a public health stand- 
point. The greater the removal of 
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bacteria in each step of the purification ment in one hour removed more 
process, prior to postchlorination, the bacteria than did the conventional 
less responsibility is placed on the treatment, without sludge blanket, in 


postchlorination treatment to assure a 
water free of health hazards. 

If it is possible (1) to obtain more 
complete water softening in a sludge 
blanket Precipitator in a one-hour de- 
tention period than is obtained in a 
four-hour period with a conventional 
water softener and (2) at the same 
time remove greater numbers of bac- 
teria, then the sludge blanket Precipi- 
tator process has a marked advantage. 

The studies on the clarification of 
water by alum treatment also gave 
similar results in bacteria removal. 
This is particularly significant because, 
in these studies, bactericidal action by 
high alkalinity was not encotintered. 
The sludge blanket treatment for clari- 
fication is now being used in many 
large municipal installations. The 
data presented in these pilot plant 
studies would indicate a useful appli- 
cation to municipal water supplies 
where polluted water is used. 

At the start of these studies, it was 
thought that to hold used sludge in 
the tank might serve to recontaminate 
the water, because the sludge could 
conceivably be heavily laden with bac- 
teria. It was found, however, that the 
bacterial population of the sludge blan- 
ket rapidly reaches a constant in keep- 
ing with the population of the influent. 
In earlier laboratory tests, sludges with 
populations of as high as 11,000,000 
bacteria still effectively removed organ- 
isms introduced by the influent. 


Conclusions 


In the lime-alum process for soften- 
ing water, 


the sludge blanket treat- 


four hours. 

In the alum-clay process of water 
clarification, the sludge blanket treat- 
ment in one hour removed more bac- 
teria than did the conventional treat- 
ment, without a sludge blanket, in 


four hours. 


References 


1. Hoover, C. P. Water or and Treat- 
ment. Bul. 211, National Lime Assn, 
Washington, D.C. (1938). 

2. Epwarps, E. T. Use of Lime as a 
Water Purification Agent at Ironton, 
Ohio Conf. Water Purif. 10th Ann. 
Report (1930). 

3. Scott, R. D. & McCrure, G. M. The 
Hydrogen Ion Concentration of Lime- 
treated Water and Its Effects on Bac- 


teria of the Colon-Typhoid Group. 
Jour. A.W.W.A., 11:598 (1924). 
4. Wattiez, & CHAMBERS, C. W, 


Resistance of Coliform Or- 
ganisms and Certain Enteric Patho- 
gens to  Excess-Lime Treatment. 
A.W.W.A., 35:709 (June 1943). 
Coagulation. Wtr. & 
(1930). 
Water Prepara- 
& Sew. Wks. 


Jour. 

5. Bayuis, J. R. 
Sew. Wks., 77 :147 

6. CALVERT, C. K. Raw 
tion for Filtration. Wr. 
86 :203 (1939). 

. STREETER, H. W. The Bacterial Eff- 
ciency of the Excess-Lime Method in 
Water Purification. Pub. Wks., 64: 
17 (1933). 

8. Frinn, A. D.; Weston, R. S.; & Bocert, 
C. L. Waterworks Handbook. Mce- 
Graw-Hill, New York (3d ed., 1927), 

9. Geum, H. W. Bacterial Reduction by 
Chemical Treatment. Sew. Wks. 
Eng., 15:338 (1944). 

10. Spautptnc, C. H. Some New Practices 
in Water Softening. Wtr. & Sew. 
Wks., 85:153 (1938). 

11. Standard Methods for the Examination, 
of Water and Sewage. Am. Pub. 


Health Assn. & Am. Water Works 
ae New York (8th ed., 1938). 


NI 


( 
syste 
work 
healt! 
and « 
not O 
see t 
maint 
Wate 
define 
agenc 
teriol 
ficatic 
intent 
the bi 
to out 
to det 
in the 

Un 


Stand 


3.1 
aminat 
sectior 
represt 
tributi 

The 
cation 
bution 
mine 
of the 
samplit 
points 
reporti 
thority 
agency 


| | 


“eat- 
ssn., 


iS 4a 
iton. 
Ann. 


The 


atho- 
nent 
943) 
r. & 


para- 


Wks., 


Effi- 
od in 


& 


\GERT, 

Mc- 
927). 
m_ by 
Wks. 


ctices 
Sew. 


ration 


Pub. 
V orks 
3). 


HE control of the bacteriological 
quality of water in distribution 
systems is of prime concern to water 
works men; to federal, state and local 
health agencies; and to the customer 
and consumer. In fact, each agency 
not only has an interest but a duty to 
see that the bacteriological quality is 
maintained at a high standard. The 
“U.S. Public Health Service Drinking 
Water Standards—1946” (1) clearly 
define the responsibilities of each 
agency and set forth the minimum bac- 
teriological requirements for the certi- 
fication of public water supplies. The 
intention of this paper is not to cover 
the broad concept of control but rather 
to outline the method of sampling used 
to determine the bacteriological quality 
in the distribution system in Baltimore. 
Under bacteriological quality, the 
Standards (1) read in part: 


3.1 Sampling—The bacteriological ex- 
amination of water considered under this 
section shall be of samples collected at 
representative points throughout the dis- 
tribution system. 

The frequency of sampling and the lo- 
cation of sampling points on the distri- 
bution system’ shall be such as to deter- 
mine properly the bacteriological quality 
of the water supply. The frequency of 
sampling and the distribution of sampling 
points shall be regulated jointly by the 
reporting agency and the certifying au- 
thority after investigation by either 
agency, or both, of the source, method of 
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treatment, and protection of the water 
concerned. 


The agencies in Baltimore which col- 
lect and examine water samples in ac- 
cordance with these requirements are: 
(1) the Maryland State Department 
of Health (reporting agency) ; (2) the 
Bureau of Water Supply, Dept. of 
Public Works of Baltimore City (wa- 
ter purveyor) ; and (3) the Baltimore 
City Health Department (the agency 
having jurisdiction from the point of 
connection to the free-flowing outlet 
of the ultimate consumer). 


Representative Sampling Problem 

Prior to 1947 the Baltimore City 
Health Department collected and ex- 
amined weekly tap samples from 26 
fixed sampling stations in fire engine 
houses at representative points through- 
out the three service zones within the 
city. The Bureau of Water Supply 
also collected, and still does collect and 
examine, weekly tap samples from 25 
similarly located sampling — stations 
(shown by the black dots in Fig. 1) 
throughout the distribution system 
within the city and from 17 stations in 
the five service zones of the metropoli- 
tan area outside the city (2). Many 
of the Bureau of Water Supply sta- 
tions were identical with those of the 
City Health Department and this served 
the useful purpose of checking the re- 
sults of the two laboratories. 
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At a conference in June 1946—at- 
tended by representatives of the Mary- 
land State Department of Health, the 
Baltimore City Bureau of Water Sup- 
ply and the Baltimore City Health 
Department—to discuss the new Stand- 
ards, it was suggested that considera- 
tion be given to spot sampling on the 
part of the Baltimore City Health De- 
partment rather than strict adherence 
to set stations. 

Establishing a system for collecting 
spot samples throughout the distribu- 
tion system appeared to be an easy as- 
signment, but controlling spot sampling 
so that the samples collected would be 
representative of the water in the sys- 
tem was not so simple. Without a 
controlled system of sampling some 
parts of the distribution system might 
be overlooked entirely, or be missed for 
long periods of time during which pos- 
sible health hazards and sanitary de- 
fects might go undetected. 


Census Tracts as Controls 


After careful consideration it was 
decided to use census tracts (3) as the 
basis for controlling the collection of 
spot samples. The census tract is a 
small area whose limits are determined 
by these five criteria: (1) approxi- 
mately equal population, (2) homo- 
geneity of population characteristics, 
(3) some regard to uniformity in size, 
(4) regard for natural barriers and 
(5) consideration of ward boundaries. 
These tracts are established by local 
agencies in cooperation with the U.S. 
Bureau of the Census, and basic data 
on population and housing for each 
tract are made available at each decen- 
nial enumeration. The census tract 
has become a powerful instrument in 
community planning. The Baltimore 
City Health Department has made ex- 
tensive use of it as a basic unit for the 
tabulation of vital statistics and popu- 
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lation data and has used tract boun. 
daries in the grouping of tracts for 
special analyses. 

The fact that the census tracts are 
of approximately equal population was 
the answer to the question of repre. 
sentative samples. The 157 censys 
tracts in the city were divided into 26 
areas containing 6 tracts each; one 
small tract, consisting of the state peni- 
tentiary and the city jail, was included 
within the boundaries of another cen. 
sus tract. Areas were given letter 
from A to Z and the tracts were num- 
bered from 1 to 6 within each lettered 
area (Fig. 1). The general plan, 
after being discussed and approved 
by the interested agencies, was placed 
in operation on February 1, 1947. 


Sampling Procedure 


A sample is collected and a residual 
chlorine determination made each week 
from like-numbered census tracts it 
each lettered area. Within each are; 
the census tracts are sampled in rota- 
tion, so that within a period of six 
weeks a sample is obtained from each 
tract in the city. Every seventh week 
the procedure is repeated, except that 
a different location within each trac 
is selected for sampling. Under this 
procedure, 26 samples are collected 
each week, making a total of 1,35) 
regular samples per year; each census 
tract will be sampled between eight 
and nine times annually. 

When the results of the bacteriolog:- 
cal analyses are received from the Bu- 
reau of Laboratories, colored pins art 
placed on a 1: 18,000 map of the city 
in the block of the census tract where 
the sample was obtained. A sampk 
showing the presence of coliform or 
ganisms is indicated by a pin of the 
same color with a large white dot on 
it. When this occurs, a repeat sampli 
is immediately obtained from the san 
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tap and the results indicated on the 
map by the same colored pin, with a 
white cross if satisfactory or with a 
white dot if not. The color of the pins 
is changed every six months, and it is 
planned to start a new map each year. 
At the time the repeat sample is col- 
lected an investigation is made to 
determine the possible cause of the pres- 
ence of coliform bacteria, and addi- 
tional samples are usually collected 
from adjacent properties. Any indi- 
cation of possible contamination of-the 
water system results in a prompt joint 
investigation by representatives of the 
Bureau of Water Supply and the City 
Health Department. 

Additional samples are collected 
throughout the system for: (1) inves- 
tigations of reported intestinal diseases 
or alleged intestinal disturbances; (2) 
investigations of possible health haz- 
ards in plumbing systems; (3) breaks 
in sewer and water mains in close 
proximity; (4) industries having dual 
water supplies; and (5) complaints of 
taste, odor or discoloration of the wa- 
ter. These additional samples are 
spotted on the map and are included 
in the monthly report and summary 
of the results of bacteriological analy- 
ses of samples submitted to the report- 
ing agency. Repeated samples are 
included in the report but not in the 
summary. The approximate locations 
of all regular, repeated and additional 
samples collected by the City Health 
Department from February 1 through 
September 30, 1947, are indicated in 
Fig. 2. 


Evaluation of Sampling Procedure 


The measure of any system of con- 
trol is, first, whether it is sufficiently 
comprehensive; and, second, whether 
the results obtained are satisfactory. 
The repeated sampling by the Bureau 
of Water Supply from representative 


METHODS 
fixed stations and the sampling by the 
Baltimore City Health Department 
from census tracts outlined cer- 
tainly are comprehensive and meet the 
requirements that the sampling be done 
from representative points and be pro- 
portional to the population served. In 
fact, it is believed that this method is 
far superior to that formerly employed, 
because it indicates the sanitary con- 
dition of water in both large and small 
mains throughout the city and the 


as 


sampling is approximately propor- 
tional to the consumer population in 
each area. 


Comparison of Results 


A comparison of the bacteriological 
results of sampling by the City Health 
Department and the Bureau of Water 
Supply for February 1 to September 
30, 1947, and for the same period in 
1946, may be of interest. In the City 
Health Department tests, the percent- 
age of 10-ml. portions showing the 
presence of coliform organisms was 
0.43 in 1946 and 0.75 in 1947; for the 
Bureau of Water Supply, the percent- 
age was 0.87 in 1946 and 1.13 in 1947. 

The results for both agencies are 


well below the maximum allowable 
limit of 10 per cent set by the U.S. 
P.H.S. Standards (1). The City 


Health Department results under the 
new sampling procedure (1947) are 
slightly higher than those for the same 
period under the old procedure (1946), 
but a similar increase is noted in the 
Bureau of Water Supply figures. The 
proportionate increase, however, is 
slightly greater for the City Health 
Department. It will also be seen that 
the percentages reported by the Bu- 
reau of Water Supply for both periods 
are higher than those of the City 
Health Department (0.87 per cent as 
against 0.43 in 1946 and 1.13 as against 
0.75 in 1947). “an 
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The higher percentage of confirmed 
10-ml. portions for both agencies in 
1947 may in part be attributed to sev- 
eral factors: (1) increased water con- 
sumption ; (2) an extreme water short- 
age due to abnormally low rainfall for 
several months; and (3) local main 
disturbances caused by increased build- 
ing operations. The fact that the new 
sampling procedure gives a more com- 


Areas and Stations 


prehensive coverage of the distribution 
system probably accounts for the 
higher proportionate increase in con- 
firmed results for the City Health De- 
partment. The higher percentages of 
the Bureau of Water Supply can be 
laid to the greater ratio of positive 
samples from the 17 sampling points 
outside of the city, as would be ex- 
pected in outlying districts where the 
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maintenance of chlorine residuals and 
other problems of distribution are more 


difficult. 


Conclusion 


The results obtained to date from 
the new sampling procedure have com- 
pared favorably with the former sys- 
tem of sampling from fixed stations 
which might have given a false sense 


Distribution of Water Samples 


of security because of uniformly satis- 
factory results. Credit is due the Bu- 
reau of Water Supply for its excellent 
continuous treatment, the upkeep of a 
good chlorine residual throughout the 
distribution system and the adequate 
maintenance of the system. On the 


other hand, it is believed that this new 
method of citywide sampling will serve 
to detect more promptly any condi- 
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tions which might affect the sanitary 
quality of the water in the distribution 
system. 
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The delivery of a safe and palatable 
water supply to the consumer is the 
ultimate aim of all water works op- 
erations and the goal of operating and 
supervisory officials. The author has 
presented an excellent program for 
supervisory agencies to determine the 
bacteriological quality of the water as 
it reaches the user. The results re- 
ported reflect the quality of the water 
being produced and the effects of its 
transmission through the distribution 
system and then through the building 
plumbing. From the  consumer’s 
standpoint this is exactly the data re- 
quired. The writer is further im- 
pressed by the fact that the Bureau of 
Water Supply is collecting samples 
from the distribution system and that 
adequate control of production facili- 
ties is being carried out. This seems 
to be a complete program of bacterio- 
logical control: (1) at the plant, (2) 
on the distribution system and (3) at 
the consumer’s tap. 

The following remarks will be 
confined to the problem of the deter- 
mination of water quality in the distri- 
bution system, assuming that the con- 
dition of the water being pumped into 
the system is satisfactory. Where and 
how to take samples are the problems ; 
once the samples are collected the lab- 
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oratory procedures for analyzing them 
are well established. 

One item of considerable importance 
which cannot be divorced from the 
bacteriological results is the determina- 
tion of the free chlorine content of the 
water. It is unreasonable to ascertain 
the free chlorine content of the water 
flowing out. of a building tap and ex- 
pect the results to bear any resem- 
blance to what exists in the distribu- 
tion main from which that water comes. 
Such a tap is too remote from the 
source about which information is de- 
sired. Chance contamination in_ the 
plumbing system, changes in tempera- 
ture and pressure, and the period of 
confinement within the building pip- 
ing are only a few of the factors that 
may have been brought to bear upon 
the chlorine content of the water since 
it left the street main. These consid- 
erations cannot be ignored when the 
selection of sampling points is made. 

Some knowledge of the flow of wa- 
ter within the distribution system is 
imperative if significant sampling 
points are to be selected.  After- 
growths in dead ends and _ remote 
mains are the source of many well- 
founded complaints regarding _ taste, 
odor and color. Such situations call 
for special treatment, usually flushing 
at periodic intervals. The sampling 
program, while closely related to this 
problem, should not be designed for 
it alone. In fact, many taste and odor 
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problems arise that are not reflected 
in adverse bacteriological results. 


Location of Stations 


The ideal locations for sampling 
points are those which will reflect the 
quality of water over wide areas. This 
does not mean single points on ex- 
press mains where finished-water res- 
ervoir or pumping station results would 
be duplicated, but rather local distribu- 
tion centers and points on connecting 
mains in the grid system. Pitometer 
crews may have to make studies to 
determine just where such points 
should be located. In addition, con- 
sideration will have to be given to the 
availability of suitable buildings in 
which the sampling stations can be 
placed. 

In mentioning buildings, other pos- 
sibilities, such as fire hydrants, public 
drinking fountains and similar devices, 
have been deliberately ignored as sam- 
pling stations. These do not, in the 
writer's opinion, have the necessary 
qualifications for permanent stations 
to be regularly sampled. The fact that 
they are used to a limited extent does 
not make them satisfactory. Such 
places can, however, be employed as 
auxiliary stations to be sampled occa- 
sionally or when broad coverage is 
indicated. 


Permanent Stations Required 


Once a sampling point on the system 
has been established, a permanent sta- 
tion should be erected in some accessi- 
ble building. Public buildings, such as 


fire houses, police stations, schools, 
health centers, hospitals and so forth, 
are the most desirable locations since 
they can be available on a 24-hour 
In addition, ar- 


basis if necessary. 
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rangements for the erection of a per- 


manent sampling station can be more 


sasily made on publicly owned property. 

Sampling stations similar to those 
now found in most water production 
facilities should be established. Sam- 
pling lines directly connected to the 
distribution main would be most de- 
sirable. Lacking these, a tap into the 
building supply line ahead of the meter 
and as near as possible to the entrance 
of the pipe into the building is the next 
substitute. 
should be independent of all others and 


best 


This sampling line 


should terminate in a small sink. The © 
extension of the sampling line within © 


the building should be as short as pos- 
sible. The outlet should preferably be 


hooded and the water allowed to run _ 


continuously. 


collection of samples. 

These recommendations may sound 
more ideal than practicable. 
and sometimes serious, effects that 
building plumbing has on the results, 


and to obtain a true picture of what 


exists in the distribution system, a 


program of the type outlined must be — 
lhere is no question of 


inaugurated. 
discontinuing the procedure outlined 
by the author or any of the methods of 
quality determination at water plants. 
Long experience, however, has demon- 
strated that the chances of contamina- 
tion entering the water supply through 
building plumbing systems are so great 
that samples collected at the usual out- 
lets in such buildings cannot be ex- 
pected to reflect accurately the condi- 
tion of the water in the distribution 
system. Certainly, these samples are 
of little or no use in determining the 
proper chlorination practices. 


The station should 
used for no purpose other than the 
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ECORDS of a filtration plant are 

very important as they are open 
to public inspection and may have to 
be produced in court when necessity 
demands. This is particularly true of 
public utilities, which are required by 
law to publish annual reports not only 
of their finances but of their operation 
as well. Most plants are equipped with 
enough meters and gages to enable 
them to check the results and by a 
process of elimination find the meter 
or sets of meters that are in error. 
For instance, Milwaukee meters its 
raw, wash and filtered water, and takes 
elevations of clear-water reservoirs 
and coagulation basins with continu- 
ously recording gages. By addition or 
subtraction, using the input and out- 
take method, it is possible to account for 
all the raw water pumped daily until 
it leaves the plant. This check holds 
for the water purification plant alone 
and is dependent on tight valves and 
absence of leakage. An additional con- 
tinuous check of the quantity of water 
is provided by the high-lift stations, 
which take water from the clear wells 
and pump it into the distribution sys- 
tem. The accuracy of this check is 
also dependent on tunnel leakage from 
the plant to the pumping stations and 
error their 


on the permissible 
meters. 
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— -C. Schmitt, Asst. Supt. of Filtration; and Leonard Leader, Electrical 
i — Mechanic; all from the Milwaukee Water Purification Plant, Mil- 


By applying these checks daily and 
recording and analyzing the results, 
slowly developing discrepancies can be 
discerned, and through a process oj 
elimination the finger of suspicion can 
be pointed at the meters that need care 
and calibration, long before any dam. 
age is done to the records or to the 
instruments. When there is an abrupt 
change, such as occurs if an instru. 
ment needs repair, the operator on 
shift usually picks up the failure im- 
mediately. The gradual deviations are, 
however, much harder to detect. but 
may nevertheless accumulate so_ that 
sizable errors are recorded unless 


promptly corrected. 


Daily Cross-Check 


A daily cross-check of the records is 
therefore the first.step in the care oi 
instruments, because it usually reveals 
those that need attention and_ also 
shows whether the adjustment is ur 
gent or can wait for the regularly es 
tablished calibration. From this daily 
inspection of recording instruments at 
experience chart has been set up which 
indicates how often the instruments 
must be calibrated and checked ané 


what the ranges in water and room 
temperature variation should be befor 
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jing a new plant. 
i}mation thus gained is of prime impor- 
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A program has been established for 
the various meters which is based on 
necessity rather than on a fixed time. 
In order to follow out a calibration 
prograin one must select an allowable 
percentage of error, as it is impossible 
jer any mechanical meter to be 100 
per cent correct continuously. The 
error permitted is that guaranteed by 
the manufacturer and is usually + 2 
per cent. It has been found in prac- 
tice that one man must be in charge of 
all the recording instruments in the 
plant. Because most of the instru- 
ments are driven, or transmit their 
results electrically, the electrical me- 
chanic does this work, trouble-shooting 
the whole gage system both electrically 
and hydraulically. 

This mechanic was assigned to the 
engineering construction force during 
the building of the plant. He checked 
the installation of the recording instru- 
ments and took an active part in the 
wiginal survey which was made to 
establish whether they met their guar- 
antees and specifications. When the 
plant was completed, he was perma- 
nently assigned to the plant operating 
force as electrical mechanic. During 
the two-year guarantee period he 
worked with the manufacturer’s serv- 
ice mechanics and received consider- 
able information not included in the 
plans and operating manuals which the 
city obtained from the manufacturer. 
This training during both the construc- 


‘Ftion and the guarantee period is be- 


lieved to be very much worth while 
and is recommended to anyone build- 
The operating infor- 


tance to anyone who expects to do his 
own maintenance, repair work and cali- 
bration. 

The mechanic must have the proper 
tools and the same information and 
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instructions which the factory-trained — 
service engineer has. Otherwise, it. 
will be necessary to buy a maintenance 
service, which is usually sold by most 
manufacturers of this sort of equip- 
ment. 


Causes of Meter Trouble | 


Table 1 gives the number, make, 
type, range, connections and locations 
of the meters and gages at the Mil- 
waukee Purification Plant. A sum- 
mary of the number and types is shown 
in Table 2. It is evident from Table 1 
that each meter can be an individual © 
problem or there can be a recurring | 
problem in a whole class of waged 3 
Furthermore some difficulties are com- 
mon to nearly all types of mechanical 
meters. 

All meters, regardless of type, are 
affected by dirt, dust, rust and foreign 
particles. Cleanliness, which is one of 
the most important requirements to 
inake the meters hold their calibration, 
must be preserved from the start of the 
individual lines up to and including 
the recording pens if the gages are to 
function properly. Rust or dirt in the 
float chamber is as detrimental as dirt 
in the gears of the instrument case. 
An accumulation of dirt and oil will 
cause more harm and need for calibra- 
tion than any other single f 


tactor. 
Sometimes it is possible to eliminate 
the source of dirt, dust and rust; occa- 
sionally a periodic cleaning has done 
the trick. 

The entire mechanism is always 
thoroughly cleaned before calibrating. 
This is very important. In 95 per 
cent of the cases where the necessity 
for calibration has been noticed, a 
thorough cleaning and wiping will set 
the instrument working with hardly 
any adjustment. [It has been found 


that it does not pay to readjust or 
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TABLE 1 
bed Milwaukee Purification Plant Meters 
Purpose and Name No. Make Range —., Location 


of Meter 


Raw Water Flow 2 Bailey* 


0-200 mgd.| 2 Integrating Chart Room 


2 Chart Room 
2 Chem. Bldg. 
8 Indicating 2 Pump Room 
2 Filter Bldg. 
2 Recording Chart Room 
1 Totalizer Chart Room 
Raw Water Discharge 1 | Bailey* Mercury Float 0-30 it. 1 Indicating Pump Room 
1 Recording | Pump Room 
Ww ash Water Flow 1 | Bailey* Mercury | 0-80 tt. 2 Integrating Chart Room 
Ledoux-Bell 4 Filter Bldg. 
; 6 Indicating |; 1 Pump Room 
G 1 Chart Room 
#444 1 Recording | Chart Room 
Wash Water Discharge 1 | Bailey* Mercury Float | 0-100 ft. 1 Indicating Pemp Room 
1 Recording Chart Room 
Ww ash W ater Elevation 1 Bailey* Mercury Float 0-10 ft. . fe 4 Filter Bldg. 
5 Indicating 1 Pump Room 
1 Recording Meter Room 
Coagulation Basin 2 | Bailey* Float O-4 ft. a al 2 Filter Bldg 
Elevation 4 Indicating |\> Pump Room 
2 Recording Chart Room 
Clear Well Elevation 2 | 1 Bailey* Float 0-20 ft. 1 Recording Cc hart Room 
1 City Water Column | 10-17 ft. Pump Room 
Raw Water Manometer 2 c ity 0-56 in. Cc hem. Bldg 
Raw Water Elevation 1 | Bailey* Mercury Float | 0-15 ft. 1 Indic ating Pump Room 
1 Recording Chart Room 
L. Michigan Elevation 1 | Bailey* Mercury Float 0-10 ft. 1 Recording Chart Room 
Water Temperaturet 1 | Leeds Northrup Thermocouple | 30-80° F. 1 Recorder Chart Room 
pH 1 Leeds Northrup | Conductivity 5-9 1 Recorder Chart Room 
Filter Gaget 32 Simplex Mercury Air 0-12 32 Recording Filter Bldg. 
Kilowatt-Hour 6 | Gen. Elec RA 5 Integrating Pump Room 
We stinghouse 1 Indicating Pump Room 
Esterline-Angus 
Kilovolt amp- hr. 1 | Westinghouse RI 0-5 amp. 1 Integrating Pump Room 
‘ urrent Relays 24 | Westinghouse CoO 0-10 amp. Pump Room 
Vv oltmeter 1 | Esterline-Angus 0-150 v. 1 Recording Pump Room 
Ammeter (a-c.) 12 | Weston 0-100 amp.| Pump Room 
. 0-150 amp. 
0-600 amp. 
Ammeter (d-c.) 11 | Weston 0-50 amp. Pump Room 
0-75 amp. 
Low-Voltage Relay 7 | Westinghouse CV 0-150 
Differential Relay 6 | Westinghouse CA | 0-10 


* G-E Selsyn transmitter. 
+ Raw and filtered water. 
t Rate and loss of head. 


calibrate the instruments without re- 
moving the cause which has made the 
calibration necessary. In the purifica- 
tion process at Milwaukee an activated 


carbon is employed, 95 per cent oi 
which passes through a standard 325- 
mesh sieve. This carbon appears it 
all sections of the plant, clinging to the 
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damp or oiled parts of the instrument 
mechanisms. It is surprising that, as 
fine as the carbon is, it will set up a 
very high resistance and friction and 
is in general abrasive. This does not 
mean that the entire trouble is caused 
by carbon, but it is an illustration of 
what is found in some of the gears, 
plungers, air lines and so on. 

The Milwaukee Purification Plant, 
like any other, is damp. By keeping 
the mechanisms of the instruments dry, 
however, rust and the build-up of- dirt 
and dust clinging to the parts can be 
prevented, thereby lessening the cali- 
bration, wear and repairs 
Electric lamps have been installed i 
the cases of some of the instruments 


to keep them dry. 


Filter Recorders 


To illustrate what is meant by the 
routine check mentioned earlier in this 
paper, the procedure for the recording 
gages used in filter operation will be 
described in detail. These gages re- 
cord the rate and loss of head and are 
of the Simplex air-operated type.* 

During the early period of operation 
it was impossible to get the gages to 
hold calibration for any length of time. 
In fact, it took almost two years to 
find a routine that would eliminate the 
dirt and oil foam in the air lines. The 
air is obtained from a compressor 
which has the oil-splash type of lubri- 
cation. It was found that by constantly 
holding the level of the oil to the mini- 
mum required, considerable oil could be 
eliminated in the lines. Constant care 
or alertness on the part of the opera- 
tors is needed to run the compressor 
at this minimum. By blowing off the 
air tank once during each eight-hour 
shift, most of the oil foam whick has 
accumulated in the tank can be re- 


*Made by the Simplex Valve and Meter 


Co., Philadelphia. 
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moved, thus further reducing the oil 
in the line. The installation of a home- 
made excelsior filter has decreased the 
moisture and oil so that the gages can 
be held in calibration for a long time. 
Moreover, arrangements have been 
made for a monthly routine adjust- 
ment of the air flow at each filter, giv- 
ing an additional check on the air 
which comes through the system. 

In addition to this daily and monthly 
routine, a schedule has been set up for 
checking, cleaning and calibrating both 
the rate and loss-of-head cylinders 
once a year. The excelsior filter is 
also rechecked annually. Because the 
compressor can cause so much trouble, 
it is thoroughly examined once a year 
and kept in good repair. Experience 


TABLE 2 

Summary of Meters in Service - 
TYPE OF METER No. 
Indicating 50 
Integrating 10 
Recording 46 
Totalizer 1 
Relay 37 
2 
Water Manometers 
Fe, Total 146 


has shown that if this program is fol- 
lowed it is possible to stay within the 
allowable error for a long period, but 
if the operators fail to keep the routine 
completely as prescribed, in a short 
while the records become undepend- 
able. Under such conditions calibrat- 
ing is a waste of time unless the whole 
air line blown out and 
cleaned thoroughly. To do this is a 
major operation, as there are a great 
many gages and corners in the equip- 
ment to which the dirt and oil can 
cling. 

Even the table recorder mechanism 
must be given routine service. The 
operators clean the outside of the cases 
daily and every two hours see that the 


is opened, 


ig 
2 
4 


roll is riding properly in its track and 
that the strip is being unwound cor- 
rectly and freely. In the past there 
has been considerable trouble due to 
rolls which were not functioning freely. 
During the first few years of operation 
so many clocks were broken that, al- 
though three spares were available, 
these were not enough to keep the 
plant running and at the same time 
allow the broken ones to be repaired 
by the manufacturer. After experi- 
menting with some of the broken clocks, 
a special lubricant was finally com- 
pounded. By opening the clock cases, 
cleaning the gears and bearings, refill- 
ing with the lubricant and _ sealing 
properly, a longer life was obtained 
from the repaired clocks than from the 
originals. While making the repairs, 
it was discovered that the gears and 
bearings were not worn but merely 
gummed up and tightly stuck together 
by the faulty lubricant. Part of this 
trouble has been eliminated by the 
purchase of properly running chart 
rolls. Experience has shown that it 
is a better practice to buy charts from 
the instrument manufacturer. 

Although the usual humidity prob- 
lem still and the ahove-men- 
tioned routine check is made continu- 
ously, there has been no clock trouble 
in the two years since these corrections 
were effected. 

During the first vears of operation 
there was also a considerable amount 
of skipping and erroneous recording 
due to improper functioning of the 
pens. This was caused by the opera- 
tors, who were allowing the pens to 
become dry and then throwing the in- 
struments out of adjustment when 
cleaning and refilling the pens. <A 
monthly routine of filling and cleaning 
pens by the mechanic in charge has 


exists 
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eliminated the difficulty. The shift 
operator only reports the failure of 
any particular pens, and it is taken 
care of by the mechanic if not picked 
up in the monthly routine. 

The gages on the filter tables are 
calibrated whenever the daily cross- 
check previously described casts doubt 
on their accuracy. Also calibrated is 
any gage or set of gages where re- 
pairs were made on the compressor air 
lines or when a bank of lines has been 
fouled. Regardless of the calibrations 
which have been made individually dur- 
ing the year, all filter gages are cali- 
brated once a year simultaneously with 
other instruments, such as the raw- 
water gages, included in the daily 
check. 

The practice is to follow the manu- 
facturer’s manual for calibration, and 
to use a manometer furnished by him 
at the time the equipment is installed. 
Because the manual consists of twelve 
pages of written material, only a gen- 
eral description of the calibration will 
be given in this article. A complete 
calibration is made of both rate and 
loss-of-head at one time. Of course, 
each is done separately, but the entire 
filter is completed before another is 
begun. 

Before calibrating the filter gages, it 
is necessary to make a complete inspec- 
tion of the mechanical parts of the gage 
packing glands, bearings, lever arms, 
pens and so forth. The test manom- 
eter is then attached to the system and 
the rate and loss gages are separately 
checked against the predetermined dif- 
ferentials on the manometer. If cor- 
rections are required, an adjustment ts 
made on the pen arm so that the gage 
reading agrees with the test manom- 
eter. After the pens are set properly, 
a check is made to see if the gages will 
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zero themselves. An adjustable set- 
screw in each cylinder is used for this 
correction. In the event the gage fails 
to zero, a check must be made to see 
whether the float has picked up any 
extra weight, such as dirt or mercury 
splash, on the side and top of the float. 
or whether the mercury level has 
changed. After these conditions have 
been corrected, another check must be 
made with the manometer. As a final 
and independent check, a drop test 
with a hook gage and stop watch is 
made on the rate gage (see Fig. 1). 
This is a volumetric check, the answer 
being resolved to gallons filtered per 
minute, and then reduced to the mil- 
lion-gallon rate per filter for 24 hours, 
which is scaled on the manometer. If 
the allowable 2 per cent error is not 
the filter is put in service. 
Otherwise, all the lines, mechanisms 
and bearing must be rechecked for 
friction and dirt and recleaned, after 
which the calibration and hook tests 
must be run again until the two checks 
are within the permissible limits. To 
prevent unnecessary rechecking, the 
whole line and all moving parts are 
cleaned and inspected before any cali- 
bration is done. 

In calibrating, three rates of filter- 
ing are used: 3, 5 and 7 mgd. per 
filter (in terms of gallons per square 
foot per minute, these rates would be 
0.96, 1.60 and 2.24). The filters are 
operated between the extremes of 4 
and 8 mgd., the normal operating rates 
being 5-7 mgd. per filter. The loss- 
of-head gages after being calibrated 
are not checked further by the differ- 
ential-head U-tube method. This rec- 
ord is used for showing the necessity 
for backwashing the filters and it is not 
believed that an additional gage test 
is worth the effort required. 


exceeded, 


Raw-Water Flow Meters 


As with the filter gages, it is neces- 
sary and of primary importance to 
check the float tubes, cables and other 
parts of the raw-water meters where 
dirt and rust have been known to 
accumulate, before any calibration can 
be done. All parts of the instrument 
must be free of undue friction. The 
manufacturer's instructions and man- 
ual must be studied and followed closely 
before any check or change is made on 
the meter. After the preliminary in- 
structions have been carried out, a 
manometer with gage glasses is con- 
nected to a Venturi :aeter and ar- 
ranged so that an accurate reading of 
the water level in each tube can be 
taken. This manometer gage (Fig. 2) 
was constructed in the plant machine 
shop especially for checking the cali- 
bration of the flow meters. The scale, 
which is made of brass and chrome- 
plated, is approximately 60 in. in 
length and is marked off in ,-in. 
units. It is quite easy to read and 
is a substantial improvement over the 
old portable manometer which gave 
no end of trouble in the form of leaks 
and poor readings. The money is 
considered well spent. 

If the cam, roller arm and pens are 
in their proper relationship at the zero 
point and the meter float system and 
operating mechanism is moving freely, 
the readings will normally coincide 
with the measured water differential in 
the manometer. Should the zero point 
of the meter be off, it will be necessary 
to adjust one of the cables to bring 
the meter back to zero. The integrator 
register should also be checked to see 
that there is no movement at the zero 
point. A standard template supplied 
by the gage manufacturer is used to 
check the meter readings against the 
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various water differentials. The inte- 
grator register should be verified at 
each of the meter changes by counting 
the number of teeth released for one 
minute. A check of approximately 
five minutes should be made at each 
setting of the meter. The meter should 


Fic. 1. Filter Table, 


be progressively increased and de- 
creased, and the average of the up and 
down readings should be taken as 
the standard for comparisen. These 
checks and adjustments will be of very 
little value if the meter float tubes have 
not been cleaned properly before start- 
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Hook Gage and Manometer 
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ing. Should there be a difference be- 
tween the readings it will be necessary 
to examine each part very thoroughly, 
and usually one will find some minor 
part that needs cleaning. In fact, it is 


often impossible to single out the par- 
ticular part whose cleaning has alle- 


viated the trouble. As in the filter 
gages, a little cleaning of the right 
parts will frequently throw the instru- 
ment back into adjustment, although 
it is extremely hard to find just the 
right one on the first try. The num- 
ber of times the instrument is call- 
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brated is governed by the daily cross- 
check, which indicates when the gage 
is faulty. Abrupt temperature varia- 
tions will also cause a discrepancy in 
the readings. When this is reported 
one of the first things the maintenance 
mechanic does is to note whether there 
has been any change in the tempera- 
ture of the water being metered. 


Clear Well Gage 


The clear well gage, which is an 
levation recorder of the float type, is 


G. 2. Manometer for Raw-Water Flow 


perated by liquid level with a G-E 
Selsyn transmitter to run the other 
two gages connected to it—one record- 
ing and one indicating. After a short 
time in operation it became apparent 
that there should be another indicating 
gage in the pump-room panel showing 
the clear well elevation. Because all 
the gages are electrically operated, a 
power failure would make it impossi- 


at. 
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ble for the operator in charge to check 
the clear well accurately ; it was there- 
fore decided to install a water-column 
gage in the pump room which would 
not only help the operator in charge 
of the plant but would also act as a 
check for the electrically operated clear 
well gage located in the chart room. 
With this double purpose in mind, a 
gage approximately 8 ft. long was 
built by the shop crew and was made 
to fit the corner in the pump room so 
that it would not be unsightly (Fig. 3). 


3. Clear-Water Gage 


The inside of the panel board of the | 
gage is painted white and is illumi-| 
nated by seven 10-w. inside white in- 
termediate base lamps. The front part 
of the gage acts as a scale and is_ 
marked off in feet and in tenths of a 


for the operator to read them without 
leaving his desk. An air-filled colored 
glass float on the top of the water col-_ 
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umn indicates the height of the water 
in the clear water basin. Since this 
is directly connected with the clear 
well basin and the gage is calibrated 
so that the zero is the bottom of the 
basin, the elevation of the water can 
be read directly on the gage. Only 
one objection has been found in check- 
ing the float gage against the elec- 
trically driven recorder: because the 
two gages do not measure the elevation 
at the same point, and because there 
is a continuous tilt in the level of the 
basin due to the drawdown or con- 
sumption, the two do not check each 
other absolutely. The scale has been 
adjusted for the prevailing consump- 
tion, however, and the deviation is not 
great enough to make further expendi- 
ture advisable. 

Neither the clear well electrical re- 
corder nor the home-made float gage 
requires calibration after it is once set, 
but should it become necessary to re- 
calibrate them because of some failure, 
elevations have been established close 
to the gages so that the transmitter or 
the float gage can be reset and made to 
record or read correctly. Up to this 
time there has been no trouble with 
either gage. 


Other Meters 


As can be seen from Tables 1 and 2, 
the Milwaukee plant has many meters 
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of various types, three of which have 
been covered in some detail; namely, 
the flow type, the elevation type and 
the air-driven filter type. It has seemed 
to be of more value to concentrate on 
these than to try to discuss the entire 
field. It should be mentioned, how- 
ever, that the temperature recorder for 
the raw water coming in and the fil- 
tered water leaving the plant is checked 
and calibrated by the plant laboratory 
and by the electrical mechanic, as is 
the pH meter. If properly maintained, 
surprisingly accurate results can be 
secured by these meters. 


Conclusion 

Seven years of operating experience 
at Milwaukee show that, in order to 
have proper care and calibration of 
instruments, a well-trained mechanic is 
necessary. Since the first two years 
of removing major kinks and flaws in 
general and putting in proper replace- 
ments, the care and calibration has not 
been a troublesome problem. The 
major difficulties were encountered 
during the breaking-in period. 
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A Cross-Connection Survey 
By E. Jerry Allen 


A paper presented on May 16, 1947, at the Pacific Northwest Section 


Meeting, Victoria, B.C., by E. Jerry Allen, San. Engr., Water Dept., 


Seattle, Wash. 


IKE the ostrich with its head 
4 buried in the sand to escape dan- 
ger, the Seattle Water Departinent 
assumed that cross-connections to the 
water supply were either nonexistent 
or, at worst, very few in number. 
Fortunately, no serious water-borne 
epidemic had hit the city. 

The possibility of such an epidemic 
was called to the department’s atten- 
tion by the “Report on the Water 
Supply and the Cedar River Water- 
shed of Seattle” (1) which stated: 


In all water supply systems certain 
hazards exist which at times may cause 
serious pollution of the water before it 
reaches the consumer’s tap. The prin- 
cipal sources of pollution in distribution 
systems, aside from open reservoirs, are 
cross-connections and faulty plumbing 
fixtures. No data are at hand to deter- 
mine the extent of such hazards within 
the City of Seattle, but unless conditions 
in Seattle are unlike those of other large 
communities in the United States, it is 
probable that unknown hazards do exist 
or may be created. A survey of water 
supply connections in industries, along 
docks, and in large buildings and hotels 
is desirable at frequent intervals to dis- 
serious cross-connection hazards 
which would remain undiscovered until 
the advent of a water-borne epidemic of 
explosive character. It is especially im- 
portant to check carefully from time to 
time the installations where fire fighting 
systems are maintained using water other 
than that provided by the city, and where, 


close 


by accident or design, the two systems 


may be inter-connected. The seriousness 
of these hazards cannot be overempha- 
sized. 

As a result of that report, in order 
to prove that Seattle was free from 
such odious hazards, a_ preliminary 
survey was made along the docks and 
in waterfront industries. The results 
were surprising. The department de- 
cided it had played ostrich long enough 
and took immediate action. 

At the request of the Superintendent 
of Water, a sanitary division was 
created within the water department, 
andthe Sanitary Engineer was charged 
by city ordinance with: (1) treatment 
of the water supply to control con- 
tamination; (2) inspection to assure 
the character and quality of the water 
and prevent pollution; (3) adequate 
sampling and testing of the water sup- 
ply as may be advisable or required; 
(4) making and keeping such records 
as may be found necessary for the 
work, and such other duties in con- 
nection with sanitary control as may 
be prescribed or assfgned. All of 
these enumerated duties were placed 
by city ordinance under the direction 
and control of the Superintendent of 
Water. 

Suppliers of potable water have a 
moral obligation to furnish a safe and 
palatable product. Federal and state 
regulations impose a legal responsibil- 
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ity as well. The Seattle Water De- 
partment subscribes to the U.S. Public 
Health Service Drinking Water Stand- 
ards of 1946 as a minimum standard, 
which implies diligent prosecution of a 
positive program for eliminating cross- 
connections. 


Sanitation Inspectors 


The actual field work in the cross- 
connection survey is assigned to sani- 
tation inspectors of the water depart- 
ment, who are required to possess 
certain qualifications which make them 
adaptable to the duties involved. These 
qualifications include experience in 
meeting the public and a minimum of 
education and _ practical experience 
equivalent to two years of college en- 
gineering. The practical experience 
thought desirable comprises plumbing, 
pipe work, operation and maintenance 
of steam or hydraulic equipment, draft- 
ing and the ability to read blueprints. 

Six different individuals were at 
times assigned to this work before 
three satisfactory inspectors were se- 
lected. Of the three finally chosen, 
only one had all of the qualifications 
thought desirable. The other two men 
had the full complement of education 
required, but their previous experience 
in pipe work was limited. At present, 
all of the inspectors are doing very 
satisfactory work in the elimination of 
cross-connections. 

It is of the utmost importance that 
contacts with the public shall be of a 
friendly nature and promote good will 
for the water department. Too much 
emphasis cannot be placed upon the 
personal contact between the repre- 
sentatives of the water department and 
the public, because this contact forms 
the basis for the consumers’ impres- 
sions of the water department. ‘Thus 
far the department has maintained cor- 
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dial relations with the public, not by 
backing down or lessening require- 
ments, but by selling the consumer on 
the necessity for protecting the water 
supply and the well-being of its users 
through the elimination of  cross- 
connections. 

As well as being impressed with the 
necessity for cordial public relations, 
the inspectors are given to understand 
that they are to follow two basic prin- 
ciples in making their decisions: (1) 
there shall be no physical connections 
between the city water supply and any 
other water system, pipe or fixture 
which may contain any material that 
could affect the quality of the city 
water supply ; and (2) the best method 
of backflow protection is an unre- 
stricted air gap; no other arrangement 
or mechanical device can provide equal 
security. 

The field inspectors were furnished 
with copies of the federal, state and 
city regulations pertaining to water 
supply, quality and cross-connections. 
They were likewise provided with a 
list of possible cross-connections and a 
tabulation showing the type of indus- 
try or building where various kinds of 
cross-connections might be found. The 
field training included assigning the 
new men to work with an experienced 
inspector or the Sanitary Engineer for 
three or four weeks. During this pe- 
riod an attempt was made to cover a 
wide variety of work with installations 
of varying degrees of complexity, thus 
giving a broader understanding and 
experience in the problems encoun- 
tered. The men were also given op- 
portunities to work with the sample 
collector and learn water sampling 
methods ; and to do some of the routine 
clean-up and preparation work in the 
laboratory, thus becoming acquainted 
with the general laboratory procedure, 
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the forms used and the way in which 
water quality standards are met. 

Upon completion of the training pe- 
riod, the inspectors were assigned to 
work individually. Though they might 
not have been able to handle every sit- 
uation in the field alone after such 
short training, they were adept enough 
to deal with the problems in a manner 
that engendered confidence in their 
ability and judgment. The question- 
able problems were brought to the of- 
fice for a decision. : 

Assignments of work are made by 
the Sanitary Engineer. It has been the 
experience at Seattle that better re- 
sults are obtained if surveys are made 
on an industry-wide basis. For ex- 
ample, the undertaking establishments 
were all inspected as one group, as 
were the laundries. In this manner, 
probable objections to the application 
of the regulations to one firm without 
immediately applying them to a com- 
petitor are automatically removed. Of 
course, such a procedure cannot be 
adhered to universally, but there are 
many industries where it is feasible. 
Sanitary Inspection Program 

The specific program for conducting 
a sanitary inspection tor cross-connec- 
tions may prove of interest: 

1. The inspector calls upon the re- 
sponsible individual, such as the owner, 
manager, superintendent or engineer, 
at each of the premises. He explains 
the purpose of his visit and the reasons 
for inspection, and suggests that some 
one from the firm accompany him 
during the inspection. 

2. A survey of the premises is made 
by following from source to terminus 
the various pipe installations found, 
noting the nature of water use, fix- 
tures, connections and methods of 
waste. 
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3. During the survey a schematic 
diagram of the various installations is 
made in the inspector’s notebook, nec- 
essary explanatory data being included. 

4. The party accompanying the in- 
spector is advised of faulty conditions 
as they are found. Upon completion 
of the survey an oral report is made 
to the management. Required and 
suggested changes, with the reasons 
for them, are called to the attention of 
the management. 

5. An office report is made by the 
inspector on forms designed to give 
pertinent information concerning iden- 
tification and water use. Space is 
provided for the firm name, address 
and phone number; the name of the 
owner, manager or superintendent; 
the name and title of the party con- 
tacted ; the date and time of inspection ; 
and the product or kind of business. 
Separate space is allotted for water 
service data pertaining to domestic and 
fire supply, with sizes, pressures, and 
meter numbers ; information about aux- 
iliary water supplies includes source, 
size, pressure, quantity and use. The 
remainder of the sheet is available for 
schematic diagrams and report details. 

6. An office check of each report is 
made by the Sanitary Engineer in the 
presence of the field inspector. The 
inspector’s findings and recommenda- 
tions are discussed. All cross-connec- 
tions on the report are marked with 
a red cross. 

7. The report sheets are serially 
numbered and filed. An index card 
bearing the firm name and address 
and the serial number of the report is 
filed alphabetically. A red tab is at- 
tached to this card if uncorrected cross- 
connections exist. At this time a letter 
is sent regarding the changes which 
are necessary. 
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8. Call-backs are made at intervals 
of a week to ten days, to ascertain the 
progress of recommended changes. 

9. Each visit of the inspector is en- 
tered upon the original file, as are 
notes concerning progress being made 
in removing the cross-connections. All 
piping changes are noted on the sche- 
matic diagram by date, and are in- 
itialed by the inspector. After the 
completion of each change the red 
cross mark is circled in blue by the 
Sanitary Engineer. When the faulty 
conditions on the premises have been 
entirely corrected, the red tab is re- 
moved from the index card. 

Though the management of a firm 
is always advised orally of the cross- 
connections found, and a remedy is 
suggested for each, it is often neces- 
sary to give these facts in writing. 
Letters are sent only when a specific 
request is made for them, or when 
there is laxity in compliance. The 
department never recommends any spe- 
cific individual or firm for doing the 
work required, nor any trade name of 
equipment or material. 

The importance of keeping a close 
office check on the cross-connection 
reports cannot be overemphasized. 
Each cross-connection is a separate en- 
tity and should be handled as such. Un- 
less a careful and thorough individual 
study is made in arriving at the proper 
solution, a precedent might be estab- 
lished which would quickly be picked 
up by plumbers and maintenance men 
for supposedly correcting other cross- 
connections under different conditions. 
For example, an anti-siphon loop ex- 
tending vertically more than 34 ft. 
above the free overflow level of the 
highest container holding nonpotable 
materials will under some circum- 
stances offer protection against back- 
siphonage. Such an arrangement can 
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often be used, provided there is no 
possibility of a back pressure being 
applied on the discharge side of the 
loop. Commercial laundry wheels may 
be effectively isolated against back- 
siphonage by this device, but only if 
the boiler feed-water connections are 
taken off ahead of the loop. Other- 
wise, there would remain the possi- 
bility of back pressure from the boilers, 
nullifying the effect of the loop. Reg- 
ular office discussion of the reports 
tends to bring out any inconsistencies 
in judgment or oversights that will 
occasionally occur simply because in- 
spectors are men and not robots. 


Types of Cross-Connections 


The types of  cross-connections 
found have been most varied, ranging 
from photo-print washers to direct 
connection of the water supply to 
sewers. Naturally, the most danger- 
ous cross-connection is believed to be 
that between water supply and sewage. 
Such cross-connections predominate in 
fire sprinkler system drains, hydrau- 
lic elevator discharges, stock water 
troughs, aspirators used by morticians 
and hospitals, laundry washers and any 
direct connection of discharge water 
to sewers. Although this is not a 
complete list, it covers many of the 
predominant items that would cause 
contamination in the event of a nega- 
tive head in the water supply. 

Auxiliary water supplies are of lim- 
ited number in Seattle, largely because 
of the ready availability of the city 
water supply at a very low cost. How- 
ever, some wells have been found cross- 
connected with the city system, as have 
supplies from the bay and lakes adja- 
cent to the city. The dangers at- 
tendant upon this condition are ob- 
vious, because a water of unknown 
quality, under pressure, is directly con- 
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nected to the city system. The inspec- 
tion program was laid out to cover 
first those areas where auxiliary sup- 
plies were most likely to exist. 

Cross-connections from sumps, proc- 
essing containers and boilers might be 
found anywhere and have to be fer- 
reted out by following through all the 
pipe installations while making an 
inspection. 

One item that requires a very close 
check and should be given special 
mention is the direct city water .con- 
nection to ships. Much comment has 
already been made in the past con- 
cerning the danger of a direct physical 


Results of Cross-Connection Survey, 1945-47 


Cross-Connections 
Original | 


Year Inspections 

Found | Broken 
1945 380 1,145 879 
1946 344 1,277 1,317 
1947* 226 715 — 340 


ToraL* 950 3,137 | 2,536 


* To May 1, 1947. 


connection between the city water sup- 
ply and ships’ piping. Being a seaport 
city, Seattle has found several such 
connections, and they have been sev- 
ered immediately. The only certain 
way of assuring that such connections 
do not exist consists in making very 
frequent surveys along the waterfront. 
The department has been able to en- 
list the support of dock superintendents 
in reducing the chances of these con- 
nections. This aid was secured by 
pointing out the probability of financial 
loss to dock superintendents if ships 
filled their tanks, without reimbursing 
the dock, through promiscuous and 
unauthorized connections. 
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Advantages to Consumer of Break- 
ing Cross-Connections 


SURVEY 


Many advantages have accrued to 
the consumers involved when cross- 
connections were removed from their 
premises. One well supply, cross- 
connected with city water, required 
frequent shutdowns for cleaning and 
sand removal. The management of 
this firm kept accurate cost records 
and found, after 30 days’ use of city 
water only, that money could be saved 
by abandoning the well. 

There was another cross-connection 
that made use of well water for grate 
and furnace door cooling; because of 


TABLE 2 
Cross-Connections to City Water 

Type Number 
Sewers 983 
Sumps 225 
Process vats and tanks 409 
Boilers using compound 116 
Lake and canal water 626 
Bay water hae 99 
Wells 18 


the uncertainty of the well supply, an 
inter-connection had been made with 
the city water. A satisfactory sever- 
ance of the two supplies was accom- 
plished by the installation of a small 
elevated tank. City water was sup- 
plied to the tank by a flow across an 
unrestricted air gap, with the supply 
controlled by a float valve. The tank 
floated on the well supply so that a 
loss of head on the well system was 
automatically compensated by water 
supplied from the city pipes. It hap- 
pened that the well supply failed on a 
week end, the city water made up the 
loss in head automatically and a very 
expensive installation was saved from 
damage. Under the previous piping 


arrangement, the services of the engi- 
neer would have been required to op- 
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erate valves; whether a similar effi- 
ciency would ‘have prevailed no one 
knows, but the firm is convinced that 
it saved a great deal of money by 
making the suggested changes. 

There are a number of other in- 
stances where much obsolete piping 
has been removed, where the plant 
efficiency has been increased by elim- 
inating cross-connections and where 
the changes required made it desirable 
to put all the operating gages and con- 
trols on one panel in front of the engi- 
neer, thus obviating the necessity for 
frequent trips up and down ladders 
and gratings to shut off auxiliary sup- 
plies or open controls of city supplies. 

Because of the many advantages the 
consumer obtains by removing unnec- 
essary cross-connections, it is obvious 
that cordial public relations can be 
established. Of course, not every pip- 
ing change results in economy for the 
consumer, nor is every consumer over- 
joyed in having to remove cross-con- 
nections. But the over-all results of 
the survey indicate that, after the work 
is accomplished, the consumer sees the 
good derived from it and very often 
gains materially. 

Much good is being accomplished 
by making people cognizant of the 
cross-connection problems. This is 
particularly evidenced by the frequent 
calls received concerning new pipe in- 
stallations. Further evidence is found 
in various interdepartmental notices, 
within plants already inspected, which 
caution employees against cross-con- 


nections, thus demonstrating the co- 
operative attitude of these organiza- 
tions in future installations. 


Continuation of Survey 


Table 1 shows the results accom- 
plished since the start of the cross- 
connection survey in 1945. The totals 
are broken down in Table 2 according 
to the type of cross-connection. 

It is now realized that complete 
protection of a water supply cannot 
be attained by water treatment alone; 
eternal vigilance is necessary to pre- 
vent the contamination of a city’s 
water supply. The department is also 
cognizant of the fact that proper appli- 
cation of today’s standards requires 
common sense and good judgment, 
To that end, an attempt is made to 
appraise the relative dangers inherent 
in each situation, in order to prosecute 
the program properly. 

As population densities increase, 
more and more caution will have to 
be exercised in protecting water sup- 
plies. The Seattle water department 
will continue its program of eliminat- 
ing cross-connections, but it anticipates 
the necessity for reinspections to deal 
with the logical changes that follow 
the changes in ownership, manage- 
ment and equipment installations. 
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VERY public utility has two main 

points of contact with the public: 
the meter readers and the office per- 
sonnel, who receive remittances, an- 
swer questions, investigate complaints, 
sell services and provide for the fur- 
nishing of water to new customers. 
The contacts at the office are very im- 


portant, since the customer is being 
touched on a very sensitive spot—his 
pocketbook. 


The Association is placing a great 
deal of emphasis on improving the 
public relations of the water utility. 
Because the business office is the focal 
point in public relations, it should be 
organized to give quick, correct and 
courteous service. Nothing disgusts 
and annoys the customer more, and 
causes more embarrassment to man- 
agement, than errors—especially errors 
in accounting, in computing water bills, 
in properly applying credits or even 
in human understanding. It is far 
better for the utility to organize the 
accounting system and discover the 
errors itself than to permit the cus- 
tomer to discover and call attention 
to them. 

Every utility, whether its customers 
number one or a million, must have a 
complete record of each account, and 
obviously this must be a correct rec- 
ord. Over a period of time many 
methods have been developed which 
have proved very satisfactory. 
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By L. J. Hoffman Lb ied 


A paper presented on Oct. 1, 1947, 
J. Hoffman, 


at the Ohio Settion 
Office Mgr., Akron City Water 


Boston Ledger System © 


Probably the oldest system still ex- 
tensively used is the bound form of 
the Boston Ledger. It is particularly 
adapted for manual billing and posting 
in a utility that has a relatively fixed 
clientele. It is not conducive to ma- 
chine billing and accounting, and usu- 
ally is not suitable for a rapidly grow- 
ing community, since expansion of the 
ledger to provide for an increase in 
customers is rather difficult. This 
type of record covers a number of bill- 
ing periods and provides a line for 
each customer on one or more sheets 
and inserts. The preparation and re- 
newal of the ledger must be manually 
performed. A useful modification is 
the substitution of a loose-leaf binder 
for the bound ledger, permitting the 
insertion of additional sheets and the 
expanding of full sheets when new 
customers must be added. Loose 
sheets (Fig. 1) make it possible to 
utilize some mechanical equipment in 
the preparation and maintenance of 
these ledgers. Balances are taken at 


the end of the collection period. < 


A second form of customer ledger, 
developed mainly in connection with 
machine billing, is the register sheet, 
which is actually a copy of the orig- 
inal bill. Each billing occupies a 
single line, and forty or more lines 


Register Sheets 


Individual Customer Records _ 
s 
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comprise the sheet. The sheets are 
placed in a loose-leaf binder, each bill- 
ing being a complete unit or volume 
in itself. The posting of credits is 
normally done by hand. Adequate 
provision for expansion is obtained, 
since new customers are inserted for 
each billing. 

A disadvantage occurs when it is 
necessary to look up the history of an 
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again, many balancing operations must 
be delayed until the end of the collec- 


tion period. 
Stub System 


Another, and probably the most 
popular, form of customer ledger is 
the stub system. Much has been writ- 


ten describing this billing and account-: 


ing system, and the present discussion 


ACCOUNT 


DELIN- | 
NUMBER 


QUENT 
| Regular 
Charge 


pur 2-11-46 


Addit'ns 


DISCOUNT 3- 1 -46 DELIN- | D 
QUENT 
Rebcte Amount Date 
Abatem't Paid Paid 


Fie. 1. 


account. As many places as there are 
billing periods to be covered must be 
reviewed. Frequently the customer 
desires a record of water bills to be 
used for income tax purposes. For 
quarterly billing, this means reference 
to four different billings in four dif- 
ferent locations to obtain the informa- 
tion desired for a single year. Here 


Section of Loose-Leaf Boston Ledger Page 


will be limited to giving the obvious 
advantages and disadvantages. The 
accounting stub from which this sys- 
tem derives its name is small, compact, 
easily audited and permits credits to 
be posted rapidly, usually by means of 
a stamp. Billing is quick and easily 
proved, and generally a duplicate bill 
is provided for office use, as well as 
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the customer’s bill and the accounting 
stub (Fig. 2). Here again a disadvan- 
tage of noncontinuous records creeps 
in. To compile a history of the ac- 
count involves looking in a stack of 
filed stubs for each billing period 1 
question. 
Individual Ledger Sheets ¥ 
A fourth form of customer ledger, 
used in machine billing, is the indi- 
vidual ledger sheet, a continuous rec- 
ord of the account (Fig. 3). This is 


CUSTOMER 


used with a single water bill or with 
a modification of the stub plan pro- 
viding a duplicate bill for office use. 
Unit billing proofs, normally compris- 
ing one or more routes, can be ob- 
tained, and corrections of billing errors 


are readily made. One of the main 
advantages of this system is that it 


permits the posting of credits by ma- 


chine. Daily credit totals can be 
compiled and checked against the pre- 
viously proved receipts, and the cor- 
rectness of the posting determined. 


Munictpal Bldg 


Office 
Hours 


AKRON CITY WATER WORKS 

166 S. High St., Akron 8, Ohio 
8:00 A. M. to 4:00 P. M. 

Sat. 8:00 A. M. to 12:00 M. 


Last Discount Day ...... . FEB. 21, 1948 


METER READINGS HUNDREDS 
PRESENT | PREVIOUS CU. FT. USED 
AMOUNT DUE AMOUNT DUE 
Gross T WET Service to Gross NET 
Water Feb. 48 


FAILURE TO RECRIVE BILL DOES KOT 
CONSTITUTE A CLAIM FOR DISCOURT. 
Sr.—Sewerage Service Charge fer which A.C.W.W. is Collecting Agt. ealy 
Rates Will Be Furnished Upon Request 


IF PAID BY MAIL 
ENCLOSE THIS STUB 


AERON CITY WATER WORKS 


Fic, 2. 
an advantage not only income tax 
payment requests, but also in an analy- 
sis of an account when the size of a 
bill is questioned. It is also possible 
to carry much valuable information on 
the sheet, such as the contract number, 
the mailing address for the bill, the 
address of the owner, the record of 


the meter, dates of inspections and the 
like. 

The ledger 
time the bill is prepared. 


sheet is debited at the 
It may be 


Customer’s Bill and Accounting Stub 


Proper entries made on the controls 
permit the easy tabulation of correct 
daily balances of accounts receivable. 
The liabilities of this method include 
the slower posting of credits, the filing 
problems and the necessity for a strict 
accounting of all ledger sheets. 

The filing problem was solved satis- 
factorily in Akron by using the verti- 
cal visible system shown in Fig. 3. 
Each sheet, with an offset of ? in., has 
the account number imprinted on the 
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diagonal edge, so that it is discernible 
at all times. It is obvious that, with 
this type of filing, an account can be 
found with ease during the daily proc- 
ess of random posting of credits. Bill- 
ing is readily and rapidly performed 


and has this distinct advantage: a 
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6 in. wide, make up a cabinet. A see- 


tional unit is removed from the cabj- 
net and transported on a truck (Fig, 
4) to the billers. This means that only 
1,400 accounts in the least active dis- 
trict are away from the file area at any 
one time. 


The truck is designed go 
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Fic. 3. Offset Visible Filing System 
satin (Individual Ledger Sheets Overlapped) 


ledger sheet withdrawn is clearly indi- 
cated by a break in the continuity of 
the sheets forming a panel. Thus, it 
is simple to determine if all the ledger 
sheets are available for billing. This 
avoids the difficulties of “blind filing.” 

In Akron, three sectional units, each 
containing about 1,400 ledger sheets, 


that it may be used as a support for 
the unit during billing. 

Credit posting is performed with the 
ledger sheets in place, by moving the 
posting machine, on a table with cast- 
ers, along the row of cabinets. Con- 
venient sockets are provided for the 
operation of the electrical equipment 
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Trial balances, usually three in num- 
ber, are taken at prescribed intervals 
during the collection period while other 
essential accounting operations are be- 


ing performed. In taking a trial bal- 


CUSTOMER RECORDS 
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Avoidance of Errors 

The problem of finding errors in 
billing and accounting before they 
reach the customer is met by a five- 
step procedure at Akron. 


Fic. 4. Portable Record Section on Truck 
ance, a sectional unit is removed from 1. Any abnormal meter reading, 


the cabinet and transported on a truck 
to the desk of the clerk. Only a sin- 
gle section of an inactive district is 
away from the cabinet at any one time. 
All routes or districts currently being 
collected are always in the cabinet 
available for reference. 


either high or low, is questioned and 
rechecked. 

2. The billing is proved. The totals 
accumulated by the billing machine 
for each of the routes permit the com- 
puting of the combined billing, which 
is checked against the summarized 
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totals of all 


monetary 
bills. 

3. The tape from the tellers’ re- 
ceipting machines permits an analysis 
of each payment in the event the cash 
does not equal the accumulated total 
of the bill stubs. 

The daily posting of credits to- 
taled on the posting machine must 
equal the previously proved total of 
receipts. 

Route, district and master con- 
trols are maintained. Trial balances 
of customers’ accounts, periodically 
taken, must equal the control totals. 
Errors in controls are detected and 
corrected at this time. 

These steps eliminate most of the 
errors, and it is a rare occasion when 
a customer finds a mistake. 

“To err is human,” but for 
public relations the fewer errors that 
reach the public, the better. The added 
time and effort necessary to detect and 
correct errors beforehand is well worth 
while. When a customer wrongly 
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complains of an error, adequate rec- 
ords to support and explain the billing 
are vital. If he is right, however, it 
should be frankly admitted. 
cessful management of utilities, whether 
publicly or privately owned, can be 
based only upon good service and good 
will. 

The American public, as a rule, 
spends freely when earnings are good. 
Water utilities have just passed through 
a period in which collections undoubt- 
edly have been better and easier than 
ever before, but all indications point to 
the fact that this era is almost over. 
Customers are looking at and ques- 
tioning the size of their bills. This is 
a definite trend which will become 
more pronounced as “take-home” pay 
decreases or buys less. Adequate ac- 
counting records are necessary to meet 
the challenge of more frequent and 
difficult public contacts and to give the 
type and quality of service commen- 
surate with the high standards of the 
water works profession. a; 
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Water Short Schools 


By Curtiss M. Everts Jr. 


cap ¥ 


Meeting, Victoria, B.C., 


HE need for short schools, or some 
other medium by which the man- 
agers, superintendents and operators 
of water systems of all sizes can ex- 


change ideas, discuss problems and 
receive training and information on 
modern water works practices, has 


been discussed in the meetings of the 
Northwest Section for many years. 
This demand was partially fulfilled in 
1938-40 when the Northwest Section, 
with the various state departments of 
health and the institutions of higher 
education, sponsored a series of water 
works short schools held at the Uni- 
versity of Washington in Seattle, the 
University of Idaho in and 
Oregon State College in Corvallis. 
The attendance at these short schools 
was excellent, but the time between 
them in each state was excessive, and 
it was also evident that many of the 
operators in smaller cities did not 
attend, for one or more of these rea- 
(1) attendance took too much 
time away from work, (2) the ex- 
pense involved was greater than the 
individual could afford or (3) city au- 
thorities had not been sufficiently in- 
formed of the value of short schools 
and therefore did not authorize travel. 

It should be realized that many 
members in cities from 200 to 2,000 
opulation, besides ervising the op- 
population, besides sup gt Pp 
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A paper presented on May 16, 1947, at the Pacific Northwest Section “ot 
by Curtiss M. Everts Jr., State San. Engr., 
-_ Oregon State Board of Health, Portland, Ore. 


eration of the water supply system, 
may also be law enforcement officers 
or street superintendents, or be re- 
sponsible for the maintenance of sewer 
systems and the operation of sewage 
treatment works. 

In Oregon there are 430 public 
water supply systems. Of this num- 
ber, 164 are municipally owned, &2 
are operated by water districts and 
184 are owned by private corporations 
or individuals. In addition, there are 
28 semipublic water supplies. These 
systems supply communities varying 
in population from 50 to 400,000. 
With the exception of the large mu- 
nicipal water supply systems, most of 
these public water supplies are super- 
vised by part-time operators, many of 
whom have never attended a meeting 
of the Pacific Northwest Section nor 
been present at any of the three short 
schools. Yet, in the interest of the 
profession as a whole and in the in- 
terest of the protection to public health 
which is one of its gravest responsi- 
bilities, some means must be provided 
through which current information on 
pertinent water works subjects can be 
furnished to the majority of the super- 
intendents in the state. 

It is granted that many excellent 
discussions are presented at North- 
west Section meetings, but the Section 
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cannot possibly adopt an attitude of 
“Come and get it, or else do without.” 
If the standards of the profession are 
to be raised, then the ability, the ex- 
perience and the training of each per- 
son responsible for the operation of a 
public water supply must be improved. 
Many of those who fail to attend for- 
mal meetings or short schools do not 
do so through choice. A sincere ef- 
fort must therefore be made to see 
that the results of these meetings are 
taken to them. 

Following the outbreak of the war 
in 1941, the Oregon State Board of 
Health held a series of one-day water 
works operators conferences through- 
out the state to furnish local operators 
with current information on emergency 
procedures and to enlist cooperation in 
a mutual aid program. These meet- 
ings were well attended and the co- 
operative effort on the part of the 
managers of public water supplies was 
manifested in the organization of a 
superb mutual assistance program. 
The enthusiasm with which these early 
conferences were received was an in- 
dication that such means might be em- 
ployed to accomplish educational pro- 
gram objectives, and it was earnestly 
desired to establish them as soon as 
possible on a permanent basis. With 
the loss of personnel to the armed 
services, however, the continuation of 
such conferences became almost im- 
possible. Since the end of the war 
the revival of these meetings has been 
discussed but other work, which for 
the time being deserved priority, de- 
ferred this activity. 
1947 Conferences or 
During the early part of 1947 defi- 
nite plans were made to conduct 
twenty conferences in the state of 
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Oregon, beginning in March and end- 
ing in June; a second series of con- 
ferences was scheduled for the fall 
and winter months of the same year, 
The early meetings were held in cities 
so located that no operator in the area 
would be required to drive over 50 
miles to reach the meeting place. The 
meetings started at 9:00 A.M. and 
ended at 4:30 p.m. of the same day, 
providing ample time for those who 
wished to attend to drive to and from 
the meeting during convenient day- 
light hours. Because of the lack of 
an initial organization, the discussions 
presented at the meetings were led by 
the State Board of Health staff and 
included such subjects as: the relation- 
ship of water supply to public health, 
the characteristics of a good water 
supply, the protection of water sup- 
plies, chlorination and cross-connec- 
tions. Motion pictures on water sup- 
ply subjects were shown, and_ the 
meetings concluded with a talk on 
public relations by a representative of 
the Pacific Northwest Section. 

The attendance at conferences held 
in Oregon at Medford, Salem, Eu- 
gene, Roseburg, Astoria, Tillamook, 
Newport and Coquille has exceeded 
expectations. Sixty-two public wa- 
ter supplies were represented by a total 
of 102 operators, managers and super- 
intenderts. The total attendance was 
134. At each meeting those present 
were asked whether they wished the 
conferences established on a permanent 
basis, since attendance is not manda- 
tory in any case. The desire to con- 
tinue the meetings was unanimous, 
and the consensus was that much good 
could come from permanent confer- 
ences conducted according to present 
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It is not expected that the educa- 
tional activities undertaken through 
this field conference system can 
achieve complete training. Primary 
training, however, can be accomplished 
and advanced training might be in- 
itiated through annual short schools, 
which it is hoped can be established on 
a permanent basis at Oregon State 
College sometime in the future. 
Many of the managers of water 
utilities who employ a large number 
of men have expressed the desire to 
train their employees along the lines 
followed in the one-day meetings. 
Such training can be furnished in 
either of two ways: the superintendent, 
after attending one of the regular field 
conferences, can pass on to his staff 
of operators the information he has 
obtained; or, if a special request is 
received and time permits, the State 
Board of Health engineering staff will 
arrange to hold a half-day meeting 
to furnish information to local water 
works employees. 7 


Section Assistance 


These field conferences are in their 
initial stage of development, and it is 
realized that much improvement is 
possible. It will, of course, be impos- 
sible to conduct them in a fashion 
which will please everyone; but an 
effort is being made to do so. In 
the meantime, the Pacific Northwest 
Section can furnish able assistance in 
future conferences: (1) The members 
in the geographical areas in which field 
conferences are to be held can stimulate 
local interest in them and encourage 
operators from the smaller cities to 
attend. (2) The ability of the State 
Board of Health staff to handle all 
instruction is limited, and local water 
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works superintendents must be de- 
pended upon to take part in the pro- 
grams and to provide practical demon- 
strations of certain practices. (3) In 
order to improve the scope of the con- 
ferences and the method of presenting 
material, individual members can fur- 
nish constructive suggestions for im- 
provements. (4) The members can 
form area committees to assist in the 
planning and administration of local 
conferences. 

The above recommendations have 
dealt with those activities by which the 
individual members of the Association 
can render a useful service. The Sec- 
tion at large can also play an impor- 
tant part in these meetings. It is 
planned to have future conferences 
include material on finance, adminis- 
tration, construction, design, planning, 
water treatment and public relations; 
and an effort will generally be made 
to present the same program in each 
area, special area problems 
arise. For the long-range program to 
be uniform, it is desirable that an 
advisory committee of the Pacific 
Northwest Section, made up of Ore-: 
gon members, be appointed to furnish 
suggestions and recommendations for 
the curricula. This committee may 
also serve in other advisory capacities 
when the occasion warrants. In addi- 
tion, the Pacific Northwest Section 
can perform a useful service to the 
water works superintendents in Ore- 
gon by sponsoring, in conjunction with 
the State Board of Health and the 
Oregon State College, an annual short 
school for water works operators, to 
be conducted by the college staff with 
such outside assistance as it might 
deem necessary. Finally, the Associa- 
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lining the advantages of membership 
in the A.W.W.A. to those who attend 
the field conferences. 

A recent check of the Oregon mem- 
bership in the Association shows a 
total of 11 corporate members and 67 
individual members, of whom 40 were 
operators and the remainder were con- 
sulting engineers, representatives — of 
water works supply establishments and 
others. When these figures are com- 
pared with the total of 458 public and 
semipublic water supplies, and when it 
is remembered that municipalities can 
obtain a corporate membership in the 
Association, the possibility of attract- 
ing many new members can be visual- 
ized. First, however, the advantages 


ae 


yee 


656 CURTISS M. EVERTS 


of membership in the Association must 
be explained and the service that the 
Pacific Northwest Section can make 
available to operators in the northwest 
must be demonstrated. 

It is hoped that the conferences wil] 
prove successful and that the service 
rendered to the operator in the smaller 
city who cannot enjoy the advantages 
of attending Section meetings wil] 
prove useful and instructive. The 
start has been encouraging and _ the 
future of these field conferences now 
rests not only with the superintendents 
in the 430 public water supply systems 
of the state, but also with those respon- 
sible for the planning and execution oj 
the program. 
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Extension of Number Three Conduit at Syracuse 


By Elon P. Stewart 


Al paper presented on April 1, 1948, at the New York Section Meeting, 
by Elon P. Stewart, Div. Engr. of Water, Syracuse, 


Syracuse, N.Y., 
N.Y. 


YRACUSE, N.Y., has two 30-in. 
S conduits, 19 miles long, extending 
from Skaneateles Lake to the city,-and 
a third 36-in. conduit, the present 
length of which is approximately 11 
miles. 

Number Two Conduit is not 30 in. 
in size throughout, however, the first 
14 miles of pipe north of the lake to 
Willow Glen Gatehouse being 42 in. 
in diameter. The pipe size was in- 
creased because much difficulty had 
been experienced in laying the first 30- 
in. line in this area, on account of the 
great depth required and the quicksand 
conditions at the elevation of the pipe- 
line. The use of larger pipe for Num- 
ber Two Conduit allowed installation 
at a higher elevation, thereby resulting 
in lower costs. 

The 42-in. diameter pipe provides 
some excess capacity on the upper end 
of the conduit system where the grade 
of the conduits is relatively flat. Num- 
ber Three Conduit extends from the 
end of the 42-in. section of Number 
Two Conduit, 11 miles toward the 
city. 

The capacity of the system is ap- 
proximately 46 mgd. With the stead- 
ily increasing water consumption in 
the city during the war years, it be- 
came evident by 1945, when the daily 
use averaged 38 mgd. with maximum 
five-day peaks of nearly 45 mgd., that 
the Number Three Conduit should be 


extended. 
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As the pipe ran partly full at maxi- 
mum conduit capacity at Willow Glen, 
it was apparent that the next section 
should be constructed between this 
point and the lake. After considerable 
study, it was decided to install 4,400 ft. 
of 54-in. conduit, omitting until some 
future time the construction of the 
remaining 1$ miles back to the lake. 

In 1946 a short section of the pro- 
posed extension was built with cast- 


iron pipe immediately north of the 
Skaneateles Gatehouse, entirely on 
city-owned property. This portion 


eliminated considerable friction loss in 
the gatehouse wells. Up to that time, 
with the exception of the two steel in- 
take lines in the lake and 700 ft. of 
gunite pipe in the existing portion of 
the Number Three Conduit, all of the 
pipe in the conduit and distribution 
system was of cast iron. 


Use of Steel Pipe 


In designing the construction project 
described in this paper, steel pipe was 
selected for a number of reasons. The 
cost was considerably less than that of 
cast iron and the labor of laying the 
steel pipe was also estimated to be 
much less, especially as it is available 
in 30- or 40-ft. lengths, whereas 12 
ft. would be the maximum for 54-in. 
cast-iron pipe. 

Another factor favoring the choice 
of steel was that the hydraulic grade 
line in this extension would frequently 
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pipe in short sections to an accurate 
grade, because trouble had been ex- 
perienced in laying Number Two Con- 
duit, which is located only 10-15 ft. 
from Number Three. The established 
grade on the new pipeline is very flat 
—6} in. per 1,000 ft. 

It was necessary on this project to 
install the pipe in an extremely deep 
trench, varying from 13 to 23 ft. Be- 
ause of the unusual depth of cover, a 
sreat deal of thought was given to the 
thickness of the pipe wall and the ques- 
tion of whether any additional rein- 
forcement would be required to guard 
against the deformation of the pipe by 
the weight of the backfill. Engineers 
of two of the manufacturers of large- 
size steel pipe were consulted on this 
problem, At first they differed in 
their recommendations concerning the 
necessity for using ring stiffeners, but 
they subsequently agreed that such a 
heavy overburden in the trench might 
cause a greater deflection of the pipe 
than would be desirable. 

As the project apparently presented 
an unusual condition for steel pipe, 
and as there seemed to be some dif- 
ference of opinion among the pipe 
manufacturers’ engineers, a study was 
made by engineers of the Water Divi- 
sion, using data obtained from inves- 
tigations conducted at lowa State Col- 
lege. The matter was also discussed 
with personnel of the Dresser Manu- 
facturing Co. who advised that unless 
ring stiffeners were located within 14 
ft. of the mechanical couplings, leak- 
age at the joints was to be feared. 
The final computations subsequently 
corroborated those of the pipe manu- 


J iacturers, and the pipes were furnished 
.. with three and, for some lengths, four 


steel stiffener bars, } in. thick and 4 in. 


}deep, located circumferentially around 


the pipe and fillet welded to it. 
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The Bethlehem Steel Co. 
lowest bidder on the 4,275 ft. of pipe 
and specials required. The contract 
called for furnishing Dresser couplings 
as well as the pipe and specials. The 
pipe is 7 in. thick and is furnished in 
25-ft. lengths for laying around curves, 
and in 30-ft. lengths for straightaways. 
It is coated and lined with bitumastic 


enamel. 

From the records of the installation 
of Number Two Conduit in this area 
and from data obtained in test pits 
dug prior to the beginning of the work, 
it was learned that much of the soil 
encountered would be sand and gravel 
and the rest clay. It was also known 
that all the soil would be water bear- 
ing, as the conduits parallel Skaneateles 
Outlet Creek and are located less than 
100 ft. away. It was felt that the most 
economical method of installation would 
be to excavate an open trench with a 
dragline shovel (Fig. 1), the extra ex- 
cavation for sloping the sides being 
more than offset by the alternative cost 
of sheeting a narrower trench. 

A contract was let to a local con- 
tractor for the rental of a 2-yard shovel 
with a 65-ft. boom. He furnished a 
new Lima shovel * equipped with a 
13-yard dragline bucket. 

Data obtained from the test holes 
indicated that in certain areas it would 
be necessary to use wellpoint equip- 
ment to unwater the trench, because 
it would otherwise be impossible to 
hold the sides of the trench in the 
sandy areas without the use of sheeting 
or bracing. On the other hand, it was 
believed the wellpoints probably would 
not be practical in the areas where 
heavy clay prevailed, especially when 
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Equipment 


* Manufactured by the Lima Locomotive 
Works, Lima, Ohio, 
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boulders were present. Eight-inch 
headers, two 8-in. pumps and well- 
points with risers 21 ft. in length were 
rented from the Griffin Wellpoint Corp. 


Although some preliminary work 
was done in the fall of 1946, excava- 
tion for the pipeline was not begun 
until early in July 1947. The first 
excavation was made near the north 
end of the project in soil which was 
mostly composed of heavy clay with 
some small boulders. At the starting 
point a pit was constructed of steel 
sewer forms and in this were installed 
one 3-in. and one 4-in. electrically 
driven sump pump. These pumps 
were used to unwater the trench down 
to the invert of the pipeline, while 
water lower than this elevation was 
removed during the construction day 
by means of 3-in. portable self-priming 
gasoline-driven pumps. 

Troubles began from the start in 
unwatering the trench and in coping 
with unstable banks, except when well- 
points could be used to advantage. An 
attempt to install wellpoints was made 
at the beginning of the job, but this 
was not practical because of the na- 
ture of the soil and the presence of 
boulders. The worst condition en- 
countered was in a trench dug mostly 
in clay with sand occurring at or near 
the invert elevation. The tendency, 
of course, was for the sand to flow out 
into the bottom of the trench, making 
it very difficult to install the pipe and 
couplings before the sand filled up the 
trench high enough to interfere with 
the operation. To make matters worse, 
this action frequently resulted in un- 
dermining the banks of clay to such an 
extent that slides would occur, necessi- 
tating further excavation. If the drag- 
line was out of reach, the digging was 
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done with a city-owned 14-yard shove] 
equipped with a clamshell bucket. 
This equipment was also used in lay- 
ing the pipe. Under these conditions, 


it was seldom practical to excavate 


of New York City. 
Excavation of Trench | 


with the dragline for more than one 
length at a time, a factor which mate- 
rially increased the installation period, 

The 2-yard shovel and dragline 
bucket proved to be an excellent piece 
of equipment which, with its long 
boom, could deposit the large yardage 
of excavated material at a_ sufficient 
distance from the trench to prevent its 
running back into the excavation. The 
owner and operator of the shovel was 
not only fast but could also place the 
bucket on the proverbial dime. 

The Water Division has installed a 
great many miles of pipeline in. various 
circumstances, but nothing in its ex- 
perience equaled the variety of soil 
conditions encountered on this job. 
Within the space of one length of pipe, 
it was not unusual to pass from a con- 
dition of clay with boulders to soil 
composed entirely of sand. In addi- 
tion, there were a number of different 
combinations of clay, sand and gravel. 
In one instance a formation of blue 
clay was encountered which had a 
fiber-like structure similar to asbestos. 
Though this material could be exca- 
vated with a dragline bucket, it was 
removed only with difficulty and ata 
much slower rate than was needed for 
the usual sand or soft clay. 

Boulders were encountered, the larg- 
est of which—estimated at 30—40 tons 
—was exactly on the line of the pipe 
Because of its egg shape, it was neces- 
sary to drill this boulder and drive in 
steel pins on which to secure cables. 
It was finally pulled to the top of the 
trench with the aid of both of the 
shovels. The use of explosives could 
not be considered, as Number Three 
Conduit at that point was located 
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within 10 ft. of Number Two, a fact 
which also complicated the construc- 
tion work. There was frequently a 
tendency for sand to wash out under 
Number Two Conduit, creating the 
possibility of its buckling out into the 
excavation because the invert gradient 
of Number Three was approximately 
1 ft. below that of Number Two. 

In sand or in admixtures of sand 
and clay, however, it was practical to 
install wellpoints in the conventional 
manner, using a “Civilian Defense’: fire 
pump, which the city had purchased 
from the government, for jetting pur- 
poses. The original plan of installing 
wellpoints on one side of the trench 
only was followed in some areas, but 
it was discovered that a much better 
job of unwatering could be done by 
placing the wellpoints on both sides at 
intervals of about 4 ft. The wellpoint 
pumps were operated 24 hours a day, 
seven days a week. The quantity of 
water varied greatly, depending upon 
the type of soil encountered and the 
amount of ground water present. 


Laying the Pipe — 

The pipe was delivered to Skane- 
ateles by flatears with four lengths on 
each car. It was unloaded with a 
city-owned }$-yard truck crane and 
transported from the railroad yards in 
the villages up to and along the site 
of the work by means of a winch truck 
and a two-wheel trailer. The pipe 
was tested in the field with a high- 
voltage electric broom and any abra- 
sions of the lining and coating were 
repaired with hot bitumastic enamel. 

As soon as the trench had been ex- 
cavated to the required grade for a 
distance sufficient for one length of 
pipe, it was lowered into the trench 
with a 14-yard shovel and supported 
on blocks under the middle and outer 
stiffener rings. 
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As mentioned before, the pipeline 
gradient is very flat. In order to mini- 
mize irregularities in the grade of the 
pipe, each length was set by an engi- 
neering field party. Following this, 
the men detailed to work on the cou- 
plings would install and lock the 32 
bolts on the Dresser couplings. The 
couplings were given a field coating of 
coal-tar enamel prior to their installa- 
tion, but it was necessary to complete 
this process and coat the bolts after 
the coupling was in place. This was 
done by pouring hot cnamel over the 
top half of the coupling and the ends 
of the pipe, which had been left bare 
except for a priming coat, to facilitate 
the installation of the coupling; the 
lower half of the coupling and pipe 
was coated with dauber brushes. It 
was found that this method of coating 
was difficult, particularly where the 
bottom of the trench was wet and 
unstable, and in the future it is planned 
to use a specially constructed steel pan 
which will fit tightly against the pipe 
to provide a more efficient method of 
covering the lower half of the 
pling. 

It was considered important to ob- 
tain a good support for the lower half 
of the pipe on account of the depth 
of backfill, and it was planned to tamp 
the backfill up to the spring line, if 
necessary, to accomplish this result. 
Usually, however, it was found that 
sufficient water was present to permit 
the backfill to flow under the pipe 
without tamping. The first backfill 
was’ placed with the 1}-yard shovel, 
using a clamshell bucket and deposit- 
ing the material along each side of 
the pipe to an elevation a little above 
the top. This procedure not only 
aided in obtaining better distribution 
under and along the sides of the pipe 


cou- 


ob 
pe, 


pipe against abrasions due to falling 
stones in the backfill pushed in by 
the bulldozer. When enough water 
was not present to make the backfill 
somewhat fluid, it was worked under 
the pipe by hand. 

Backfilling was completed with an 
Allis-Chalmers HD-10 bulldozer, pur- 
chased by the city for this work. In 
general, not more than 200-300 ft. of 
trench was open at any one time. 
This bulldozer was also used in clear- 
ing trees and brush from parts of the 
right-of-way. 

After the first three lengths were 
laid, line caps were installed and a 
hydrostatic pressure test was made on 
the pipe, using a pressure slightly in 
excess of the maximum to which the 
pipe would be subjected when in serv- 
The joints were found to be 
drop-tight. No further tests were 
made, as testing under the conditions 
encountered would have been an ex- 
pensive and delaying operation. An 
inspection of the inside of the entire 
pipe laid in 1947, made at the end of 
the season, showed no infiltration at 
any point, and it is felt that an excep- 
tionally tight line has been obtained. 
The inspection also revealed that the 
maximum deflection of the vertical 
diameter is well within the permissible 
limits. 

Although a rather flat slope was 
given the sides of the trench, a great 
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deal of sliding of the banks was ex- 
perienced, even when the wellpoint 
system was in operation. One man 
while working on a joint was caught 
by a sand slide, which resulted jn 
injuries to his face, his head having 
been pinned against a coupling by the 
falling material. To provide a greater 
factor of safety for the men working 
on the joints, U-shaped sewer forms 
were again used on this job, a 5-ft, 
section being set up vertically on either 
side of the coupling. These forms 
were of sufficient size for a man to 


work in while installing the bolts, and | 


at the same time protection from a 
sliding bank was provided. 


Plans for Completion of Project 


The work on this project was 
stopped about January 1, 1948, be- 
cause of weather conditions, but was 
resumed again in the spring. It is 
expected that the remaining 1,600 ft. 
will be finished early in July 1948, 
When completed, the end nearest the 
lake will be connected into Number 
Two Conduit, and the other end, at 
Willow Glen, will be joined to the 
existing 36-in. Number Three Conduit. 

Although this extension will increase 
the conduit system capacity by only 
about 2 mgd., it makes possible a much 
greater capacity when other extensions 
of Number Three Conduit are built 
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ght Abstracts of Water Works Literature | 
mg Key: In the reference to the publication in which the abstracted article appears, 39:473 
the (May '47) indicates volume 39, page 473, issue dated May 1947. If the publication is paged 
iter by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue dated May 1947. 
ing Abbreviations following an abstract indicate that it was taken, by permission, from one of the 
“ms | following periodicals: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; Corr.— 
ft Corrosion; I.M.—Institute of Metals (British); P.H.E.A.—Public Health Engineering Abstracts; 
‘| S$ W.J.—Sewage Works Journal; W.P.R.—Water Pollution Research (British). 
and | Determination of Small Concentrations of slightly oxidized state and fixed by acidifica- 
1 a} Calcium and Magnesium by Titration With tion. This reagent must be kept air-free 
Standard Soap Solution. James W. McCoy. (over CO:) and stabilized by hydroxylamine- 
Anal. Chem. 19: 1002 ('47). Rapid titration HCl. Special all-glass steam distn. app. de- 
of hardness of industrial waters as carried out — scribed. Interfering SOz removed.—C.A. 
today involves detn. of total hardness with 
was | Clark's soap soln. and then direct titration of The Corrosive Action of Water on Lead: 
be- | Ca alone by adding NH,Cl and adjusting pH Method of Determination of Lead in Water. 
before titrating with soap soln. To obtain JuaN A. RacGoGio. Rev. Admin. Nacional 
was accurate results, recommended to carry out Agua (Arg.) 10: 170 ('46). Investigation 
! Sf one soap titration for total hardness at pH 8.3 performed by putting lead foil or plates 
| ft.f and other for Ca at pH 11.7 in presence of 7.5 & 2.5cm. in 200 ml. of water in stoppered 
148 | added NH,CI. Production of foam lasting 5 glass cylinder at 20°C. Glass of cylinder ad- 
the min, taken as end-point. For convenience, sorbed some of lead, which thus escaped detn. 
desirable to construct curves showing ml. of | This lead could be removed by washing glass 
ber std. soap soln. plotted against ppm. of CaCO; — with 50% nitric acid or by adding citric acid 
, at} at both pH values.—C.A. or sodium citrate to water under examn. 
the Lead detd. colorimetrically with dithizone.— 
uit Determination of Carbon Dioxide in Water. /.1/. 
‘| Improved Evolution Method. Frank E. 
“aS€} CrarKkE. Anal. Chem. 19: 889 (47). CO, Determination of Nitrates in Water. F. W. 
mly | evolved, circulated in closed system and ab- ALLERTON. Analyst (Br.) 72: 349 ('47). 
uch | sorbed in Ba(OH): soln. Residual Ba(GH). For detg. 50-2007 of N as nitrate, heat sample 
‘ons | titrated with HCI to phenolphthalein end- with 0.25 g. of Devarda’s alloy and 0.1 N 
4, | point. Other evolution methods employ cir- NaOH. Dist. off 50 ml. and det. NH; by 
ail culating pumps which are neither durable nor Nessler reaction. Make proper allowances 
readily available and which lack provisions for any free NH; and nitrites in water and use 
for working in completely closed system. pure reagents.—C.A. 
Details of constr. and assembly of app. as well 
as directions for anal. given. Method ap- Comparative Evaluation of Methods of Deter- 
proaches speed of less reliable routine control mination of Oxidizability of Water Under Field 
methods and is accurate enough to serve as Conditions. N.S. ZHELEZNIKOVA. Voenno- 
referee method.—C.A. Med. Zhur. (U.S.S.R.) 7: 47 ('46). After ex- 
amination of official methods for determina- 
Determination of Fluorides in Water. ALa- *tion of oxidizables in drinking water, follow- 
DAR JENDRASSIK & SziLARD Papp. Magyar ing improved procedure was developed: water 
Chem. Folyéirat (Hungary) 49: 137 (’43). sample of 25 ml. is acidified with 1 ml. 1:4 
Methods given in literature seemed to be un- H2SO,, heated to boiling, treated with 1 ml. 
reliable. New procedure worked out using 0.025 N KMnQ,, boiled 10 min., treated with 
Zr hematoxylin of Gad and Nauman in 1 ml. 0.025 N (CO.H)2 and the decolorized 
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solution titrated with 0.025 N KMnO, to 
pink color. Oxidizability is calculated by: 


8(A — B) 


mg./1.0 = - , Where A is _ total 


KMnQ, solution used and B is amount of 
K MnO, used for oxidation of 1 ml. of oxalate 
solution.—C.A. 


Nephelometric Determination of Potassium 
in Natural Waters. M.KRIVENTZOV. Ped- 
ology (U.S.S.R.) 1: 52 ('47). By use of dry 
salt of Na cobaltinitrite in presence of NaCl 
in 5 ml. of soln., 1 ppm. of K could be detd. 
Stds. prepd. in clear glass test tubes of uni- 
form diam., with quants. of K approaching 
unknown not exceeding (for best readings) 
12 mg./1.; 5 ml. of std. and 5 ml. of unknown 
compared. To each tube 0.5 g. NaCl added 
and, when dissolved, 0.3 g. Na cobaltinitrite 
added and shaken until dissolved. After 30 
min., reading taken. If K of water higher 
than 12-mg. std. it must be dild. If NH, 
present, it must be detd. separately and in- 
tensity of turbidity subtracted.—C.A. 


Photometer Measures Dissolved Silica. N. 
I. Sax. Power 91: 11: 88 ('47). Need of 
knowing sol. silica content of waters stated. 
Colorimetric method, based on production of 
yellow molybdisilicic acid complex, subject 
to personal eye errors. In new method 
quertz spectrophotometer used. Description 
inciudes reagents, uses, equip. and technique. 
Atter proper calibration results considered 
accurate.—C.A. 


New Procedure for the Iodometric Deter- 
mination of Sulfur in Mineral and Medicinal 
Waters. A. VENTURA Rev. Espaii. Fisiol. 
(Spain) 3: 173 (47). To determine S in H,O: 
add sample of water, drop by drop, to mixt. of 
2 ml. 0.02 N KIO;, 2 ml. 50% KI, and 4-5 
drops 3% AcOH until yellow color is almost 
gone, then add 1% starch solution saturated 
with NaCl, and continue addition of H,O 
sample until solution is colorless. Each ml. 
of 0.02 N KIQOs solution is equivalent to 0.08 
mg. S in form of compounds encountered in 
mineral waters.—C.A. 


Determination of Zinc in Water, Sewage and 
Industrial Wastes by Means of Di-Beta- 
Naphthylthiocarbazone. Lazarus RuBIN & 
AaRON LEvINE. J.N.E.W.W.A. 61: 267 
(Sept. °47). Finding that nephelometric 
method for determination of zinc described 
in Standard Methods was time-consuming and 
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that it was difficult to read concentrations 
less than 0.005 mg. accurately, authors de. 
vised method for direct determination of zine. 
Their method “involves the extraction of zine 
by a chloroform solution, containing 209 
mg./l. of di-beta-naphthylthiocarbazone and 
a 1% aqueous solution of sodium diethy}. 
dithiocarbamate.’’ Colorimetric and _ photo. 
metric procedures given. It was found that 
copper over 0.50 ppm., manganese over 0.3 
ppm. and iron over 2.0 ppm. interfere with 
DN color but only after standing for 15 min, 
Modified procedure given to compensate for 
this variation. pH variations from 8.8 to 
9.6 did not seem to affect,color range although 
optimum pH of 9.2 recommended. Data 
presented indicate excellent recoveries jn 
simulated and actual samples of surface, well 
and tap waters, and sewage.—P.H.E.A, 


Determination of Organic Matter in Water, 
IRENA URBANOWICZOWNA. Roczniki Chem, 
(Poland) 21: 59 ('47). Determination of or- 
ganic matter in water is reviewed. Standard 
solutions of d-glucose, maltose, phenol, and 
benzoic acid were analyzed with KMnd, 
(alkaline medium) and with KIOs, and latter 
was found to give more reliable results 
(93.2-100.3%).—C.A. 


Proposal for a More Rigid Standardization 
of the ‘‘Oxygen Absorbed From Perman- 
ganate”’ Test. P. B. B. Vostoo. Pub. 
Health (S. Africa) 2: 7: 11 ('47). Usefulness 
of test for org. impurities in sewage suffers 
from lack of rigid standardization. Value for 
O absorbed depends on diln. of sample. 
Recommended that standard diln. be accepted 
to make results more consistent and com- 
parable.—C.A. 


Water Analyses. HirRMANN HARRASSOWIT?. 
Z. prakt. Geol. (Ger.) 52: 45: 61 ('44). Ex 
planation of analytical stds. for examn. of 
German natural mineral waters, advantages 
of calens. on basis of ion equivs. as compared 
to older practice of calcns. of salts present, 
and calcns. on basis of equivs. for expressing 
hardness.—C.A. 


Short Cut in Routine Water Analysis. 
MaxeEY Brooke. Chemist-Analyst. 36: 35 
(47). In routine water anals. one sample 
usually taken for titrating to phenolphthalein 
and methyl orange end-points and another 
sample for detn. of salinity. All 3 detns. can 
be made with single sample if KyCrO, used as 
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indicator in AgNO; titration dissolved in 0.1 NV 
NaHCO; soln. instead of pure water. No 
impairment of accuracy.—C.A. 


Water Measurements by Chemical Method. 
G. WINKLER & M. H. Wipr. Schweiz. 
Bauztg. (Swiss) 65: 417 ('47). To measure 
amt. of water supplied to hydropower station 
by river and its tributary, resp., chem. method 
employed as mech. methods out of question. 
Principle consists in admixing with total 
quant. of water exactly known quant. of 
concd. chem. substance and detg. concn. of 
water. Concn. of infected water calcd. as 
follows: if g amt. of added soln., Q that of 
water flow directly above place of adniixt., 
concn. of admixed soln., C = concn. of 
sample taken below place of admixt., then 

Q+q=, 
Q+4q) Cc 
mg./sec. = g (admixed soln. in I./sec.) X ¢ 
concn. in mg./Il.); Q + q = amt. of water in 
admixed water in |./sec. = infection/anal. of 
infected water = gc/C = mg./sec./mg./l. = 
|./sec., that is exactly quant. of flowing-off 
water which changes with amt. of tributary 
so that continual anal., by taking samples, 
gives quant. of tributary by changing concn. 
Soln. must be such that very small concns. 
can be measured; e.g., ordinary NaCl detd. 
by fine titration with 0.01 N AgNO; soln. 
(titration sample should have about same vol. 
as titrating liq.). Another liq. which gave 
good results is NaNO: which gives good detns. 
colorimetrically. About 2 mg. NaNO,/I. used 
for infection of water.—C.A. 


or infection in 


Analyses in High Frequency Fields. FRED 
W. JENSEN & A. L. PARRACK. Bul 92, Agric. 
and Mech. College of Texas ('46). New 
method of titration and anal. based upon 
motivating ions and dipoles in solns. by high 
frequency electromagnetic field. Superior to 
usual galvanic methods, which are restricted 
to various ionized solns. and require elec- 
trodes, and to conductometric methods, which 
also require electrodes, as well as frequent re- 
adjustment of bridge circuits. Tube contg. 
soln. to be analyzed is introduced into coil of 
high-frequency oscillator. Absorption of en- 
ergy required to cause motion and rotation of 
polar molecules in accordance with changing 
electromagnetic field constitutes a loading of 
oscillator. Magnitude of loading depends 
upon type and characteristics of oscillator, 
vol. and location of soln. in resonant circuit, 
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and conductance and concn. of ions and di- 
poles in soln. Oscillator plate current varies 
with loading, thus giving measurable index of 
soln. characteristics when other factors held 
constant. Describes app. and gives current 
curves obtained with sample titrations. Neg- 
ative slopes in curves produced when dis- 
appearing ion has greater conductance than 
replacing ion, or when diln. is predominant 
factor. Positive slopes produced when dis- 
appearing ion has lower conductance than 
replacing ion, or when excess of titrating agent 
enters soln. beyond end-point. End-points 
therefore appear as simple reversals or breaks 
in curve slopes.—Ed. 


Fundamentai Properties of a Synthetic Cation- 
Exchange Resin. W.C. BAauMAN & J. E:cu- 
HORN. J. Am. Chem. Soc. 69: 2830 ('47). 
Fundamental exchange properties of newly 
developed synthetic cation-exchange resin, 
Dowex 50, studied. This product aromatic 
hydrocarbon polymer of type described by 
D’Alelio contg. nuclear sulfonic acid groups 
as sole ion-active group at any pH value. 
This fact, combined with stability of hydro- 
carbon skeleton to strong acid, strong alkali 
and oxidizing agents even at high temps., 
makes possible study of exchange properties 
of sulfonic acid group over much broader 
range of conditions than with sulfonated 
phenol-formaldehyde resins. Anal. of prod- 
uct in sodium form as shipped is C 26.8, 
H 7.0, S 8.9, Na 6, O (by difference) 51.3, and 
H.O 41.4%. Glass electrode titration with 
2 N NaQH showed 4.92 milliequivs. of ex- 
changeable H per g. of oven-dried H resin. 
This accts. for 8.4% S, other 0.5% presumably 
being present as sulfone cross links. Consti- 
tution of each spherical particle appears to be 
that of homogeneous gel, consisting of basic 
hydrocarbon cross-linked skeleton which limits 
linear motion of SO;~ anions. Cations may 
be considered to be completely dissociated 
from this skeleton—similar to complete dis- 
sociation of highly ionized salt in concd. soln. 
If it is considered as soln., total cationic concen. 
of resin phase is 3.5 mole/I. of spherical par- 
ticles or 6.7 moles/1000 g. HO within par- 
ticle. By assuming activity coeffs. equiv. to 
those in strong chloride solns., ion-exchange 
equil. data can be interpreted by Donnan con- 
cept of membrane diffusion. Though quant. 
agreement with theory not obtained in dil. 
solns., concn. of diffusible anions in resin 
phase lower than in soln. phase as anticipated 
by Donnan theory. Rate studies indicate 
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that at low soln. concns. exchange rate con- 
trolled by mass-action reaction rate between 
ions at surface of particle. Driving force pro- 
. duct of activity of one ion in resin phase and 
; activity of second ion in soln. phase. Rate 
const. depends on turbulence of soln. phase at 
resin surface, surface area, etc., and hence 
const. only under specified set of exptl. condi- 
tions. Diffusion rate of HCl and NaCl in 
resin phase about 3 as great as in dil. aq. soln. 
This rate indicates that interdiffusion of ions 
in resin phase should control exchange rate 
in solns. of concns. above about 0.1 molal. 


C.A. 


Anion-Exchange Resin Prepared With Urea, 
Paraformaldehyde, and Aniline Hydrochlor- 
; ide and Process of Removing Acids From 
Liquids Therewith. [Eric LEIGHTON HOLMEs. 


Hagerstown, Md., Rehabilitates a Reservoir. 
ANON. Am. City 62:8:80 (Aug. '47). The 
40-yr.-old 10-mil.gal. distr. reservoir at 
Hagerstown, Md., constructed of limestone 
masonry walls and concrete floor. After 
developing daily leakage of 300,000 gal., walls 
gunited using 6-gage mesh _ reinforcing. 
Cracks in floor opened, filled with thick 
cement grout and capped with rubberized 
bituminous joint filler. Wall height raised 
24’ with reinforced concrete which increased 
storage 14 mil.gal. and increased pressure 
1 psi. Total cost of project $22,000. Reser- 
voir now virtually leak-proof; several near-by 
“springs” having gone dry.—F. J. Maier. 


The Eildon Reservoir. Anon. Civ. Eng. 
(Br.), 41:313 (Aug. ’46). Goulburn Weir on 
Goulburn River near Murchison, Vict., 
Australia, raises water to such height that 
lands on either side can be irrigated by grav- 
ity. Annual avg. flow of river is 2.3 mil. 
acre-ft., most of which occurs during winter 
and spring months, with max.(annual) flow 
: of 6.202 mil. acre-ft in '17 and min of 0.567 
; in '14. As result of increased irrigation de- 
: velopment, Eildon Dam constructed in '27 
on headwaters of river 150 mi. upstream from 
Goulburn Weir. This forms reservoir of 
’ 0.26 mil. acre-ft. capac. Because of con- 
tinuing demand for irrigation water, Com. 
investigating proposal to construct huge dam 
: to be iocated at site of present Eildon Dam to 
hold 2.35 mil. acre-ft. Preliminary design 
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U.S. 2,431,251 (Feb. 2, '44). Patent based 
on discovery that decompg. amide groups jp 


certain amide-aldehyde condensation prog. / 


ucts yield basic groups having anion-excha 
properties. If product is water sol., further 
condensation reaction may be carried out jp 
order to produce water-insol. material. Eg, 
add 46 g. of PhNH» and 46 ml. of concd. H¢) 
to 500 ml. of H,O in which 30 g. of urea has 
been dissolved. Add 90 ml. of formalin, |e 
stand 12 hr., then add 100 ml. more of for. 
malin. Gel formed. Dry. Boil resin with 
twice its wt. of 20% HCl for } hr. Dissolve 
completely. Add equal wt. of PhNH:,-HC| 
dil. with twice its vol. of HxO. Add amt, of 
formalin equal to half total soln. thus ob. 
tained. Again gel formed. Dry and re. 
generate with alkali. Resulting material has 
good acid-absorbing properties. —C.A. 


provides for earth and rock-fill constr. with 
concrete spillway. Dam _ will be amon 
highest earth-fill dams, having height of 250 
ft. above stream bed, with length of 3300 ft, 
Will contain 13 mil. cu.yd. of filling. Project 
estd. to cost £8,500,000. Will involve 
largest single eng. undertaking ever carried 
out in Australia.—H. E. Babbitt. 


The Spillway Bridge of Shasta Dam. Anon 
Engineering (Br.) 163:325 (Apr. 25, '47), 
Design of spillway bridge detd. by conditions 
that it should: (1) span full distance between 
piers without interference with drum gates; 
(2) provide for highway and pedestrian traffic; 
provision made for moving gantry crane used 
for maint. of dam; and (3) fit with general 
architectural appearance of completed work. 
Constr. of bridge formed one of last items in 
building of dam and was started in Oct. ’44.- 
H. E. Babbitt. 


Leakage Correction at the Great Falls Reser 
voir, ANON. Engineering (Br.) 163:18 
(Mar. 14, '47). Leakage of more than 49 
cfs. from Great Falls Res., acquired by TVA 
from private company, reduced 98% by im 
jecting hot asphalt and cement under pressurt 
in rock fissures. Further treatment con 
sidered impracticable.—H. E. Babbitt. 


Ingenious Flashboard Replacement on Oli 
Concrete Dam. Howarp B. FLEMING 
Eng. News-Rec. 139:582 (Oct. 30, "47) 
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Holding pool level 2 ft. above crest by existing 
flashboards, old concrete dam leveled and 
topped by piers for new flashboard structure. 
Navy pontoons provide floating plant. Pre- 
cast concrete forms used to lay dry upstream 
face of dam for pier extensions. Ingenious 
device assures precise leveling of dam crest.— 


Ed. 


Frost Protection for Concrete at El. 9,050. 
Anon. Eng. News-Rec. 139:610 (Oct. 30, 
'47). Gem Lake Dam, a multiple-arch struc- 
ture in the High Sierra of California built in 
1915-16 and having trouble from frost dam- 
age, given a coating of reinforced gunite to 
decrease seepage. After 1 year, coating work 
reported to appear “‘very good, though not 
quite perfect.’’—Ed. 
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Will Your Reservoir Refili During Minimum 
Demand Periods? R. L. Brown. Eng. 
News-Rec. 138:1012 (June 26, '47). Two 
formulas—for constant and varying input 
head—derived for determination of time re- 
quired to fill reservoir during period of 
minimum outflow.—Ed. 


Construction of Darwell Impounding Dam 
and Aqueduct, Hastings. SipNey LITTLE. 
Surveyor (Br.) 106:267 (May 23,'47). Works 
described consist of impounding dam on R. 
Darwell giving reservoir of 900 mil.gal.(Imp.) 
and aqueduct partly in tunnel and partly in 
open cut. Catchment area is 2382 acres, 
estd. to yield 3.75 mgd. (Imp.). Principal 
dimensions of dam are: length 1878’, max. 
height 59’, max. width at base 500’. Reser- 
voir provided with tunneled outlet clear of 
dam, forming overflow, and carrying outlet 
pipe for feeding aqueduct. Aqueduct con- 
sists of 2.25 mi. of concrete tunnel and 4.5 mi. 
of 24” reinforced concrete pipe. Prewar est. 
of cost was £710,000.—H. E. Babbitt. 


The Hirakud Dam Project. Indian & East- 
ern Engr. (India), p. 243 (Aug. ’47). Report 
of Indian Central Waterways and Inland 
Navigation Com. on proposal to construct 3 
dams across Mahanadi R. at Hirakud, Jik- 
kerpara and Najal for purposes of irrigation, 
power production, flood control and fish cul- 
ture. River one of largest in India and 3 
dams will be independent in project; that at 
Hirakud recommended as first to be built, 
area of reservoir entirely in Orissa and build- 
ing materials to be found near site. This 
main dam at Hirakud will form reservoir 3 
mi. long on submerged land; 1 mi. of length 
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will be of concrete and other 2 of rolled rock 
and earth fillings; it will be 150’ deep and on 
both sides will be earthen banks extending 
17 mi. As large area of cultivated land will 
be submerged, it is planned, in exchange, to 
irrigate larger area by gravitating canals and 
canals at higher level than that of reservoir 
into which water can be pumped by hydro- 
elec. power developed atdam. Head of water 
at dam 85’ and at another place waterfall to 
be utilized to produce 300,000 kw. which will 
be transmitted to 2 towns; eventually, hoped 
to link power station with other places and so 
form grid system over eastern part of central 
belt of India. By releasing steady flow of 
water during dry season and by making 
series of locks at dam, navigation will be 
possible from river mouth to Central Prov- 
inces. Costs of scheme, to be completed in 
about 5-6 yrs., detailed. Notes added on 
projects under consideration in Madras.— 
Wtr. & Wir. Eng. 


Effect of Peat Moss Drainage on Quality and 
Quantity of Water Held by Dams Before 
Reaching Reservoirs. G. VAN BENEDEN. 
Tech. L’Eau (Belg.), p. 9 (Dec. ’47). During 
period of drought, rain water enters reservoirs 
rapidly, but of poor qual., very aggressive, 
contg. iron and manganese, humic material, 
black in color. During periods of snow and 
heavy rain, water heavily charged with humic 
material and clay, less colored, more limpid 
and less acid; runoff very rapid. During 
intermittent rain peat moss grows rapidly, 
water retained and evapn. varies, but rapid. 
Water retained moves continuously, but 
slowly and sometimes at irregular rates. In 
dry years dams detrimental to quant. and 
qual. of water. Soln. is to prevent rapid 
drainage, permit peat moss to retain water as 
natural reservoir and regulator.—W. Rudolfs. 


Reservoirs as a Pipeline Source. J. PiETR- 
KOWSKI. Civ. Eng. (Br.) 42:478 (Nov. ’47). 
Diam. of pipeline from source to center of 
supply must be kept to necessary min. One 
means of achieving this lies in constr. of 
reservoir at source. If source situated near 
hillside, reservoir may be possible at el. in- 
suring necessary hydraulic gradient. If 
capac. of reservoir sufficient to provide equal 
24-hr. flow, pipeline can be made smaller than 
where diam. depends on pumping. If hy- 
draulic gradient assumed to be same for both 
alternatives, they will differ only in diam. of 
pipe and in provision of reservoir and pumping 
main from intake to reservoir for second 
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alternative. (With assumptions of lengths 


and unit costs author solves example to show 
that, under assumed conditions, second alter- 
native cheaper.) For shorter lengths direct 
pumping into pipeline results in lower capital 
cost. Difference in cost becomes smaller as 
daily pumping time increases.—H. E. Babbitt. 


Inauguration of the King George VI Reser- 
voir, ANON. Wtr. & Wtr. Eng. (Br.) 50: 
589 (Dec. '47). Additional Water Storage 
for London. ANON. Surveyor (Br.) 106: 
565 (Oct. 31, '47). Purpose of works at 
Staines to store water abstracted from Thames 
during high flow for use when flow in river 
insufficient. New reservoir will contain 4466 
mil.gal.(Imp.) and will increase gross quant. 
in reserve by 130%. Water surface covers 
350 acres. Distance around top of embank- 
ment exceeds 3} mi. Avg. depth of water 
52’ and avg. ht. of embankment 54’. Quant. 
of material in embankment 4,500,000 cu.yd. 
Inner slope protected by concrete slabs with 
area of 248,300 sq.yd. Water will be pumped 
into reservoir through 63’ steel conduit sur- 
rounded by concrete and lined with cement. 
Drawoff works contained in large, granite- 
faced tower in center of which is vertical 
standpipe 66” in diam. Bid of £1,292,000 
accepted in July ’37. Work started one 
month later; 73% of whole value of contract 
completed by outbreak of war. Little prog- 
ress possible during war.—H. E. Babbitt. 


Structural and General Notes on a Two- 
Million-Galion Reinforced Concrete Reser- 
voir and Water Tower. The Ruchazie Reser- 
voir of Glasgow Corporation Water Depart- 
ment. ANon. Wtr. & Wtr. Eng. (Br.) 
50: 306 (June 47). Water supply to eastern 
area of city first given by Corporation in 1877. 
In '38 decided to increase reservoir storage 
and erect elevated tank. Elevated tank and 
reservoir capac. each to be 1 mil.gal.(Imp.). 
Tank consists of flat, rectangular box sup- 
ported on interior columns with horizontal 
braces and externally by large streamlined 
columns. At 2 of 4 corners of tank there are 
rectangular towers inside of which stairway 
runs from roof of lower tank to roof of elevated 
tank. Both upper and lower reservoirs 
divided into 2 equal compartments by means 
of double walls separated by bitumen sheet- 
ing. Bearing pressure on hard, blue boulder 
clay taken at 1 ton per sq.ft. Large ext. 
columns built in form of hollow U. Internal 
columns 20” sq. There are 26 internal and 
36 ext. columns. Internal columns braced 
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midway with beams 17” X 12” and 18” y 
12”. Rectangular beams carrying roof, long. 
itudinal 8’ X 6” and transverse 9” x 6” 
Concrete used in roof slabs 1:2:3 mix, Jy 
placing concrete, work divided into panels 
and concreted on “hit and miss” principle, 
On completion, tanks filled and left for 14 
days. One or two leaks observed; some soon 
disappeared; others cut out and made good, 
Total cost, including piping, £31,600~ 
H. E. Babbitt. 


Waterworks Reservoirs and Fishing. Enric 
Harpy. Wtr. & Wtr. Eng. (Br.) 50:459 
(Sept. '47). Fish in reservoirs help purify 
water and keep down weeds; parasites and 
tapeworms they carry transmitted to human 
beings. In some cases water works have 
hindered fish production of salmon rivers by 
restricting access of fish to upstream spawning 
grounds. Liverpool Corp. reservoirs famous 
for fish. Practice of stocking new reservoirs 
with trout has proved valuable in Manchester 
Corporation’s holdings. When new reservoir 
first stocked with trout, they quickly grow to 
great size. Numerous reservoirs in this 
country have played secondary part as na- 
tional. angling centers. Cannot be too 
strongly emphasized to water boards that 
only other people in country taking any prac. 
tical action against water poln. are angling 
bodies. No difficulty in stocking reservoir 
with trout. Excreta of fish will not prove 
dangerous because it encourages aquatic 
vegetation which, in its green growth, aids 
oxygenation of water. Fish sometimes at- 
tract kingfishers, herons and goosanders but 
reservoirs generally too deep for diving water- 
fowl. Cormorants and goosanders on Riving- 
ton Res, do not remain long.—H. E. Babbitt. 


Water Supply for Amsterdam—Control of 
Plankton in Reservoirs. G. P. H. Vay 
HEvusSDEN, Water (Neth.) 31: 197, 207 (Oct. 
2, 16, '47). Before long will be necessary to 
take surface water from Amsterdam-Rhine 
Canal. Water strongly pold. by domestic 
sewage and industrial wastes. To prevent 
plankton growth—which will clog rapid sand 
filters, cause taste and odor, remove silica 
from water, may cause coloring of filtered 
water, make water too soft by removal of 
bicarbonates, and may cause production of 
H.S—expts. conducted over number of years 
to det. most effective methods. Chem. 
methods, including CuSO,, silver, chlorine, 
alum, chlorine dioxide, as well as creating arti- 
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fcial turbidity, considered temporary or stop- 


gap methods, Prevention of plankton de- 
velopment by addn. of alkali to change bi- 
carbonates to carbonates feasible, but results 
in too high pH, and aside from cost, difficult. 
Studies of low plankton lakes and removal of 
phosphates showed that phosphate combined 
with iron hydroxide. There are 2 iron phos- 
phate compds.: sol. and insol. ferric phos- 
phate. PO, content of canal water varies 
from 0.1 to 0.7 ppm., can be reduced with 
alum or FeCl; to required 0.01 ppm. Ppt. 
can be removed by filtration. Tests in 3 
small reservoirs continuously receiving (1) 
untreated canal water, (2) canal water with 
FeCls, (3) water with alum addn. Quants. 
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Brief History of the Douglas [Ariz.] Water 
Department as Compiled From the Official 
Records of the International Land & Improve- 
ment Company, the Douglas Improvement 
Company and the City of Douglas Water 
Dept. J. R. Denny. Offic. Bul., Arizona 
Sewage & Water Works Assn. 7: 5 (Sept. °47). 
Presents outline of development of Douglas 
Water Dept., which was started soon after 
city was platted in 1900. It was purchased 
by city in 1909. Management is described 
and detailed list given of improvements and 
additions up to 1947. Summary of rate 
schedules is given, listing changes made since 
water works was originally organized. The 
present status of water works is described 
giving account of expenditures for items other 
than maintenance. Brief outline is also in- 
cluded showing size of distribution system 
mains and current aspects of company.— 
P.H.E.A. 


Public Water Supplies of Arkansas. Harri- 
son HALE, R. C. Baker, I. W. WALLING, D. 
M. ParrisH & G. A. BILLINGSLEY. Univ. of 
Arkansas Bur. Research Ser. No. 11, 104 pp. 
(47). Publication describes qual. of Ar- 
kansas public water supplies. Work re- 
ported begun in '45 and is first comprehensive 
study of state’s water resources. Represents 
cooperative program by Bur. of Research, 
Geol. Survey, and U.S. Dept. of Interior. 
Report discusses use of water industrially 
and const. increase in quant. required during 
recent years. State divided into 2 areas based 
on differences in topography and geology. 
These areas discussed in detail in relation to 
ground water available. Total of 178 supplies 
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Mery 
of FeCl; required 12.5-25, and alum 30-60 
ppm. Untreated water showed large num- 
bers and great variety of plankton organisms, 
treated water contained very few species and 
low numbers. Relative cost of various 
methods were: CuSO,—1, Cle—1.25, 
(SO4)s—42.5, FeSO, + Clr—33.3 and FeCl;— 
62.5. High cost treatment should be used 
because: (1) in addn. to PO, removal, org. 
detritus, silt, plankton and much org. col- 
loidal material removed or prevented, (2) no 
decomposible sludge deposits formed, (3) no 
aeration for HeS removal needed, (4) re- 
assimilation of PO, prevented, (5) prefiltra- 
tion not necessary during part of year, (6) 
reduction of bact. aftergrowth.—W. Rudolfs. 


7” 
tested of which 132 obtained from wells sup- 
plying 53% of total pop. Anals. reported for 
SiO2, Al, Fe, Ca, Mg, Na, K, CO3, HCO;, SO,, 
Cl, NOs, F, dissolved solids, hardness, pH and 
specific conductance. These are reported in 
ppm. except pH and specific conductance and 
in equiv. ppm. for those radicals entering into 
ionic balance. Various anals. critically dis- 
cussed. Data for 178 samples tested included 
in tabular form. Other information pre- 
sented is ownership, source of supply, pump- 
age, treatment and location.—C.A. 


Monticello [Ga.] Settles Water Problems. 
Anon. Am. City 62: 110 (Dec. '47). Monti- 
cello, Ga., had old water plant and large and 
increasing demand for water during summer 
months. Normal demand was 170,000 gpd., 
but summer demand was 370,000 gpd. Old 
watershed and entire plant were inadequate. 
New reservoir taps stream yielding 750,000 
gpd. Another stream of 1,000,000 gpd. can 
be used if necessary. New plant has concrete 
mixing basin, settling basin with 6-hr. reten- 
tion, 2 filters each with 250,000-gpd. capac., 
200,000-gal. clear well and 25,000-gal. wash 
water tank. Chlorine and lime can be sup- 
plied to raw or treated water. Lime and 
alum are fed by dry-feed machines. New 
100,000-gal. elevated tank is being considered. 
-P.H.E.A. 


Growth of New York’s Water Supply and 
Consumption. Epwarp M. Craic. Dela- 
ware Water Supply News 9: 623 (July 1, '47). 
Period covered by this article from 1868 to 
present. Communities outside city use less 
than 3% of total supply. In 1868 dependable 


x 
long. 
X 6”, 
In 
anels 
ciple, 
or 14 
good, 
00. 
| 
Eric 
0:450 
urify 
and 
aman 
have 
rs by 
Vining 
mous 
‘VOlrs 
lester 
to 
this 
too 
that 
prac- 
gling 
ITOVE 
ate 
Ving 
| 


= 


670 


yield of all sources for city 100 mgd. Current 
estd. dependable yield from all sources, when 
supply addns. computed, will be 1400 mgd. 
Reports for 12 mo. ending Apr. 30, '47, indi- 
cated consumption at rate of 1154.9 mgd. 
Dependable yield of all city’s supplies only 
1045 mgd., which points up need for waste 
prevention and addnl. sources of supply.— 
P.H.E.A. 


Water Rates and Water Systems in Oregon 
Cities. ANON. Western City 23:8: 34 (Aug. 
47). Most Oregon cities have ample water 
supply within reasonable distance. Pop. in- 
creases during recent years necessitated en- 
largement and search for new sources of 
supply. Information on 125 Oregon cities 
presented in tables. 114 municipally owned 
serving 93.5% of pop., 11 privately owned 
serving 6.5%. 69 cities depend on surface 
water, 40 use wells, 16 combination of wells 
and surface water. Larger cities use surface 
water exclusively. 79 cities treat water by 
chlorination, 46 cities not chlorinating use 
springs or wells. 77 cities have 100% meter- 
ing, remainder use partial metering or flat 
charge. Residential water rates vary con- 
siderably due to cost of operation, extension 
of water facilities, distance to source, density 
of customers, indebtedness, etc. Many cities 
establishing policy regarding serving con- 
sumers outside city limits. No general clear- 
cut policy in operation at this time. Charges 
for service other than water supply collected 
by water depts. include sewer rental charge, 
accumulation of funds for postwar constr., 
and purchase of fire equip. Sewer service 
charges vary from $.25 to $1.25 per month or 
percentage of water bill. Series of charts on 
residential meter rates, water supply systems, 
water rates, fire protection service.—A. C. 
Rener. 


Eugene [Ore.}| Water and Electric Utilities. 
Ray B. Boats. Western City 23: 7: 58 (July 
47). 39 years ago voters of Eugene, Ore., 
approved $300,000 bond issue to purchase 
water system Now grown to $12,000,000 
water and elec. utility with rate schedules 
among lowest. Aroused electorate of 7000 
authorized purchase because of typhoid epi- 
demic in '06. Credit for present standing due 
to good management. Goal is better service 
and lower rates. Elec. rates reduced 11 times 
since '11. Now 4 national avg., giving con- 
sumers more elec. stoves, water heaters and 
appliances. Elec. improvements financed 
from earnings. Purchased water works in '08 


WATER WORKS LITERATURE 


Jour. AWWa4 


and went into elec. business because of pump. 
ing plants. Com. of 5 men set up to tak 
charge of water and elec. utility. Progressiy 
com. instigated chlorine treatment of water jp 
‘11. Private competing elec. utility pup 
chased in '16 without issuing bonds. Growth 
has been const. and is continuing. Wate 
system pumping capac. now barely sufficiey; 
to supply demand in extremely hot weather 
Expect to double elec. and water systems by 
'55. Water com. separate from city govern. 
ment appointed for 5-yr. terms. Total num. 
ber of employees in water and elec. utility 
191, work week 44 hr., paid vacation, sich 
leave, retirement plan and group insurance,— 
A. C. Rener. 


New Filters Supplement Spring Supply. k 
F. TayLtor. Pub. Wks. 79: 3: 37 (Mar. '48 
Water supply of Johnson City, Tenn., serving 
40,000 persons, obtained from springs an¢ 
underground collection fields. Water is of 
excellent quality, requiring only chlorination, 
System requires no pumping; water flowing 
from central collecting well through 16 in 
gravity c-i. main to distribution reservoirs 
This main, after 35-yr. use has Hazen-Williams 
coefficient of 140. Max. demand reached 43 
mgd. with max. supply at same time only 3.) 
mgd. Supplemental source obtained from 
North Indian Creek with summer yield of 
4.0 mgd. Creek water pumped to 2.0-mgd, 
filtration plant consisting of mixing basin 
(30 min.), sedimentation basin (6 hr.), two 
Anthrafilt filters with Wheeler bottoms and 
chlorinators. Since construction completed 
greater demand has continually increased 
length of operating time.—F. J. Maier. 


A Part-Time Water Filter Plant. H. F. 
WIEDEMAN. Am. City. 62: 6: 99 (June '47), 
Johnson City, Tenn., water supply system, 
serving 30,000 pop., consists of distributing 
reservoirs gravity fed from springs and under- 
ground collecting fields. Chlorination onl 
treatment required. Max. consumption 3. 
med. while max. flow from collection areas 48 
mgd. Water shortages occurred when max. 
consumption coincided with min. flow. New 
supply, developed on North Indian Creek to 
add 2.0 med., requires filtration. Plant com 
prises mixing, flocculation, sedimentation 
basins, filters and pumps. Plant to be oper 
ated when gravity flow insufficient; probably 
less than 6 mo. per yr.—F. J. Mater. 


Public Water Supplies in Central and North 
Central Texas. R. \W. SuNpstrom, W. L. 
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proapHuRST & B. C. Dwyer. Texas Board 
Water Engrs., 237 pp. (47). Summary de- 
gription covering 53 counties and including 
data on source of supply, amt. consumed, 
chem. treatment, if any, and many chem. 
anals. of waters.—C.A. 
Water and the West—The Relationship of 
Reclamation to Municipal Supply. W. W. 
HurRLBUT. Western City. 23: 7: 26 (July 
47). Activities of U.S. govt. in water con- 
grvation and control projects of vital impor- 
tance to national welfare. Since '02, Bur. of 
Reclamation of Dept. of Interior has carried 
out policy of Reclamation Act. 17 western 
states comprise 49.1% of land area of U.S. 
By ‘45 over 5,000,000 acres could be served . 
with water. Program has helped growth of 
western states. Value of crops in ‘45 over 
$435,000.00. On reclamation projects U.S. 
govt. reimbursed in part. With exception of 
fennessee Valley project only West reim- 
burses govt. $5,500,000,000 invested by 
govt. in water control, conservation and 
power development in 48 states. Only irri- 
gation and power development projects must 
reimburse govt. Flood control and naviga- 
tion projects responsibilities of govt. 11 far 
western states of reclamation group have over 
1.5 mil. acres of irrigable land. Water made 
available by reclamation projects great fac- 
ior in growth of far western states by influence 
on agricultural, horticultural and industrial 
expansion. 2,000,000 people moved into area 
during World War II making further de- 
mands on water supply. Future expansion of 
bureau’s program projected over many dec- 
ades. Munic. water supply to be fully inte- 
grated with reclamation projects of future. 
Missouri R. Basin project to supply water to 
19 municipalities. Charges to be based on 
reclamation laws. 37 municipalities now ob- 
tain water supply from Reclamation Bur. 
projects. Larger cities of these 11 far western 
states resort to long-distance transportation 
of water from 30 to 240 mi. Following are 
brief sketches of water supply of principal 
cities: Phoenix, Ariz., main supply from Verde 
R. 30 mi. distant; 48” trunk line, supple- 
mental wells in city, serves 120,000 people; 
100% metered, 24,000 services; consumption 
22.6 mgd.; $6,000,000 investment; $6,000,000 
bonds voted recently for improvements. 
Reno and Sparks, Nev., served by Sierra 
Pacific Power Co.; serves 36,000 people; 
source of supply Truckee R., open ditch canal 
to reservoir 14 mi. distant; supplemental 
wells in city; state law prohibits metering in 
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city over 4500 pop., flat charge, high rate per 
capita consumption 490 gpd; over $3,000,000 
investment. Albuquerque, N.M., munici- 
pally owned; 100% metered, 13,500 services; 
nearly $2,500,000 investment; entire suppl) 
from wells; original shallow wells produced = 


people. Denver, Colo, municipally owned; 
serves 483,000 people; source of supply, south 
fork of South Platte R. and Fraser R. on 
western elope of Continental Divide 59 mi. 
west; 35% metered; over $44,000,000 invest- 
ment; adie, to cost $30,000,000 planned; 
system bought in Moffat water tunnel 6} 
mi. long completed in '36. Salt Lake City, 
Utah, munic. system dates back to ‘76; 
20,000 people served; 100% metered; over 
$15,000,000 investment; source of supply 
mountain streams, artesian and deep wells; — 
now engaged in long-range improvement and 
enlargement program; Deer Creek supply be- 
ing developed by Reclamation Bur., to pro-— 

vide 46,000 acre-ft. annually; general im- 

provements being made to distr. system, will 

take care of 400,000 people; Utah cities belong _ 
to Provo R. Water Users Assn., all get er 
from Deer Creek project. Cheyenne, Wyo., 
munic. system dates back to 1882; source of 
supply Crow Creek 25 mi. distant with series 
of reservoirs, supplemental wells in city; serves 
31,000 people, Ft. Warren and U.P.R.R.; 
100% metered; $4,500,000 investment. Boise, — 
Idaho, private corp.; all underground well 
supply; 35 to 600’ in depth; serves 33,400 
people; ample supply; unmetered; over $2,- 
000,000 investment. Lewiston, Idaho, mu- _ 
nicipally owned; 12,500 people; source of 
supply Clearwater R.; over $875,000 invest- 
ment. 3 municipalities in Idaho, 5 munici- 
palities in Montana served by Reclamation 
Bureau. Seattle, Wash., municipally owned 
since 1890; source of supply Cedar R., 26 
mi. distant; $37,000,000 investment; serves 
650,000 people; 108,500 services, 100%, 

metered; Cedar R. supply will serve 1,750, 000 
people. Yakima and Cle Elum, Wash., 
served by Reclamation Bur. Portland, Ore., — 
municipally owned since 1887; source of sup-_ 
ply Bull Run R., 30 mi. distant; storage 

dams built to augment low summer flows; | 
serves 510,000 people; 100% metered; over 


$30,000,000 investment. San Francisco, Calif., q 


privately owned from 1860 to '30; now mu-— 
nicipally owned; present source of supply 
Tuolumne R., 167 mi. distant; over $166, 
000,000 investment; serves 812,000 people, 


> 
$ 


100% metered. East Bay Munic. Utility 
Dist. of Calif. serves Oakland, Berkeley, 
Alameda, and numerous smaller cities on 
mainland side of San Francisco Bay, formed 
in '23, source of supply, Mokelumne R., 94 
mi. distant; pumping plant at Walnut Creek 
increases gravity flow from 42 mgd. to 65 
mgd.; augmented by runoff of 20 mgd. in 
local watersheds; addnl. pumping plant built 
during World War II to increase supply to 
95 mgd.; postwar projects include second 
aqueduct to increase .supply to 214. mgd.; 
serves 835,000 people; over $90,000,000 in- 
vestment. Los Angeles, Calif., municipally 
owned since '02; Los Angeles R. sufficient to 
supply 400,000 people; Owens R. aqueduct 
completed in ‘13, 450 cfs. capac.; Mono 
Basin extension of aqueduct completed in 41; 
greatly increased storage capac.; Los Angeles 
system connected to Metropolitan Water 
Dist. bringing water from Colorado R. in 
heavy consumption in summer re- 


quires large local storage; serves 1,850,000 
people; 350,000 services; 100% metered; over 
$182,000,000 investment. 


San Diego, Calif., 


Novel Ground Bed for Cathodic Protection. 
T. R. StatHaM. Petroleum Eng. 18: 7: 53 
(Apr. '47). Continuous cathodic protection 
system described using makeshift materials 
installed in wartime to combat excessive leak- 
age in Magnolia Petroleum Corp. pipelines 
traversing highly corrosive soil. Hand- 
insulated damaged steel drill cable used as 
underground connections from rectifiers to 
pipelines to ground bed. Ground bed con- 
sisted of 20’ joints of junk pipe welded to 
cable. Rectifiers of 8 v., 20-amp. output of 
current of 1.03 ma./sq.ft. of pipe surface. 
Relevant corrosion and engineering data gtven 
graphically.—Corr. 


Cathodic Processes in Metallic Corrosion. 
N. D. TomasHov. Compt. Rend. Acad. Sci. 
U.R.S.S. (U.S.S.R.) 52: 8: 691 (’46). Appli- 
cation of various types of polarization curves 
in study of corrosion processes discussed.— 


Controlling Factors in the Corrosion Process. 
N. D. TomasHov. Compt. Rend. Acad. Sci. 
U.R.S.S. (U.S.S.R.) 52: 9: 785 (’46). Quant. 


measurement of rates of corrosion processes 
on basis of polarization curves discussed.— 


Jour. 


municipally owned since '01; source of supply 
San Diego R. and wells until Colorado R. de. 
livered late in '47; serves 362,000 people; over 
$33,000,000 investment. Metropolitan 
ter Dist. of Southern Calif. organized in '2g 
with 11 member cities; contracted with Re. 
clamation Bureau for water and 36% of 
Hoover Dam power; $220,000,000 bond issue 
voted in ’31 for constr. of Colorado R. Aque- 
duct; Reclamation Bureau built Parker Dam 
for water diversion; serves 2,500,000 people: 
San Diego Water Authority recently joined 
Dist., Navy constructing 83-mi. connecting 
aqueduct, 100 cfs. capac.; Colorado R. aque- 
duct capac. 1700 cfs.; terminates at Lake 
Matthews near Riverside; feeders run to mem- 
ber cities; some cities use Colorado R. entirely, 
others use it as stand-by; over $188,000,000 
investment; administered by state of Calif. 
Central Valley project; Reclamation Bur. to 
supply irrig. water to 2,100,000 acres; to cost 
$384,000,000. Article includes tables of acre- 
age, federal expenditures, area and pop., indi- 
vidual water system investments.—A. (, 
Rener. 
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Corrosion of Buried Pipes. R. P. Linsteap. 
Gas World (Br.) 126: 393 (Mar. 29, ’47). In 
corrosion process, oxygen ordinarily acts as 
depolarizer to remove hydrogen which would 
slow up reaction. In absence of oxygen, 
sulfate-reducing bacteria can also serve as 
depolarizer. Where conditions favorable for 
growth of these bacteria, drastic corrosion can 
occur in localized form of pitting. Org. car- 
bon not essential for growth, as organism will 
develop with carbonate as sole carbon source. 
Moreover, although vibrio develops best in 
absence of oxygen, it can live in its presence. 
Iron essential growth factor. Mechanism of 
action discussed.—Corr. 


Protecting Pipe in Open Systems. M. D. 
APPLEMAN. Am. Gas Assoc. Monthly 29: 4: 
194 (Apr. '47). Review of literature given 
relative to pipe corrosion, especially bact., and 
means of minimizing. Some cellulose wraps 
have been attacked by bacteria and have led 
to accelerated corrosion of pipes and cables. 
Much more needs to be known about anaer- 
obic bact. corrosion. On theoretical basis, 
suggested that backfills contg. lime apt to en- 
courage growth of these bacteria. Use of 
chem. sterilizing or inhibiting agents to limit 
growth of these bacteria suggested. Much 
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work needs to be done in this connection, and 
use of “pit expts.”” suggested, with heavy 
inoculation with sulfate-reducing bacteria, 
and inspection once a year. Methods of com- 
pacting soil around pipe as possible means of 
limiting corrosion need to be studied. (Noted 
that patent has been applied for, for use of 
bactericidal and bacteriostatic agents in soil 
stabilization by H. F. Winterkorn.) Bibli- 
ography.—Corr. 

Electrical Properties of Paint Films on Metals. 
F. WorMWELL & D. M. BRASHER. Nature 
159: 678 (May 17, °47). Results obtained for 
several paint systems show that there is 
characteristic fall in potential during first few 
hours. After intervening period of somewhat 
fluctuating potential there is rise to max. with 
final decline. Apparent ohmic resistance and 
apparent capac. of paint film next investi- 
gated. Capac. changes shown to be roughly 
parallel to approx. area covered with rust.— 
Corr. 


Bituminous Coatings for the Protection of 
Iron and Steel Against Corrosion. R. Sr. J. 
Preston. DSIR Chem. Research Special 
Report 5, 39 pp., BNF Serial 29,876 ('46). 
Survey of information. Bituminous coatings 
classified in respect to their media and pig- 
ments; their value for protection of iron and 
steel against corrosion, particularly under im- 
mersed conditions, critically reviewed. Sur- 
vey of compns. used for protection against 
fouling by marine organisms, ancillary prob- 
lem to that of corrosion prevention, included. 
256 references.—Corr. 


Species of Sulfur Bacteria Associated With 
the Corrosion of Concrete. C. D. PARKER. 
Nature (Br.) 159: 439 (Mar. '29, °47). Au- 
thor had shown previously that corrosion of 
concrete due to production of sulfuric acid 
from sulfur by Thiobacillus concretivorus. 
But this organism cannot exist at pH values 
higher than 6.5 (pH value of fresh uncorroded 
concrete being 11-12). Furthermore, this 
organism cannot utilize hydrogen sulfide 
which is primary source of sulfur and corro- 
sion in sewers. Mechanism of change of hy- 
drogen sulfide to sulfur also moot question. 
Author has been able to fill some of gaps of 
chain of reactions in corrosion of concrete by 
isolation of other groups of bacteria during 
early stages of corrosion. First group re- 
sembles Thiobacillus thioparus which oxidizes 
thiosulfate to sulfate and polythionate and 
elemental sulfur and hydrogen sulfide to sul- 


CORROSION 


673 


fur, reducing pH to 3.0-3.3. They exist over 
pH range of 3.5 to 8.5. Second group con- 
sists of miscellaneous species which are charac- 
terized by their ability to oxidize thiosulfates 
to polythionates and sulfate without forma- 
tion of elemental sulfur. They tolerate wide 
range of pH (2.0-10.5) but optimum is be- 
tween 7 and 10. They exist in hydrogen 
sulfide atmosphere with calcium carbonate 


but will not grow with elemental sulfur or — 


sulfides as source of sulfur. Three groups of © 
bacteria predominate at different stages of 

corrosion: miscellaneous group in initial stage 

(pH 11-9), Thioparus species between pH . 
and 5 and Th. concretivorus alone present dur-- 
ing final stage of free-acid formation below 

pH 5.0. Chain of events explained as fol- 

lows: in fresh concrete with pH of 11-12 and 

exposed to hydrogen sulfide in sewer atmos- 

phere, chem. changes take place “4 
carbonation which lowers pH to 8.4. Fixa-_ 
tion of hydrogen sulfide as thiosulfuric and 
polythionic acids also occurs which further 
lowers pH to 7.5. Simultaneously with these — 
chem. changes miscellaneous group of bac- 
teria develop, oxidizing thiosulfates. Thio- 

parus group becomes active below pH 9.0 

converting thiosulfates and polythionates to 
sulfur and sulfuric acid which further drops 
pH value. As pH drops below 5, Th. con- 
cretivorus becomes active. Corrosion in- 

creases with activity of latter organism a 
resultant increase in production of acid. 

Thus, while primary corrosive agent hydrogen 

sulfide none of bacteria can utilize sulfides. 

It is through intermediate production of sul- 

fates, polythionates and sulfur by chem. 

means that corrosion proceeds.—S.W.J/. 


Corrosion of Concrete Caused by Sulfur- 
Oxidizing Bacteria. C. B. Taytor & G. H. 
HUTCHINSON. J. Soc. Chem. Ind. (Br.) 66: 
54 (Feb. ’47). Serious corrosion of large con- 

crete cooling towers was found to be associated | 
with the activities of sulfur-oxidizing bacteria | 
which were present in large numbers in circu- 
lating waters and wet corroded material.— 
Corr. 


Corrosion of Iron in Neutral Solutions. A. | 


KRASILSHCHIVOK. J. Gen. Chem. (U.S.S.R.) | 


543 (46). Shown that iron dissolves to meas- 
urable degree in water and in neutral a. 
even in absence of oxygen. Reduction “4 
oxygen and separation of hydrogen occur on 
different sections of iron surface. Concept 


of very high local potentials used to discuss 
phenomenon of pitting corrosion. 
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Graphite Formation in Cast Irons and in 
Nickel-Carbon and Cobalt-Carbon Alloys. 
H. Morrocu & W. J. J. Iron 
Steel Inst. (Br.) 155: 321 (Mar. '47). Litera- 
ture reviewed and investigations carried out 
by authors to study and develop some analo- 
gies between process of graphite formation in 
cast irons and in nickel-carbon and cobalt- 
carbon alloys; to confirm findings of Eash that 
undercooling in cast irons occurs with solidifi- 
cation of white-iron structure which subse- 
quently decomposes after solidification to give 
undercooled graphite; to extend this idea 
to high-silicon irons and nickel-carbon and 
cobalt-carbon alloys; and to exam. possibility 
of nodular graphite occurring in arsenic-cast 
cast irons. Concluded that some analogies 
held and Eash’s findings confirmed. Effect 
of tin and zirconium in refining graphite de- 
pends on presence of carbides of these ele- 
ments. Two types of inverse chill demon- 
strated. Detailed description of metallog- 
raphy of graphite in relation to its crystal 
structure given with over 100 microstruc- 
tures shown. Undercooling in nickel-carbon, 
nickel-iron-carbgn and cobalt-carbon alloys 
and in cast irons takes place by solidification 
of a eutectic of solid soln. carbide, and carbide 
phase decomposes after solidification. Coarse 
graphite structures solidify as eutectic of solid 
soln. graphite. Nickel-carbon and cobalt- 
carbon alloys tend to give coarse graphite 
when they contain more than certain amt. of 
sulfur. In absence of sulfur addns., spheru- 
litic nodular structures may be produced in 
nickel-carbon, nickel-rich nickel-iron-carbon 
and cobalt-carbon alloys by addn. of calcium 
or magnesium in variety of forms (calcium- 
silicon, calcium-copper, calcium-magnesium, 
barium-magnesium, etc.). Spherulitic nodu- 
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lar graphite can occur without heat treatmen 
under conditions described. Undercooling of 
cast irons and similar alloys discussed a 
length. Cooling curves shown.—Corr. 


Resistance of Aluminum Alloys to Freg} 
Waters. D. W. Sawyer & R. H. Browy. 
Corrosion 3: 443 ('47). Common Al alloys 
used for cooking utensils, piping, etc., cor. 
roded only superficially by most of natural 
waters. Pitting-type corrosion occurs, how. 
ever, in waters contg. traces of Cu, Ni and Ph, 
Alclad utensils give satisfactory results under 
such conditions. Al alloys also resistant to 
many alk. waters, and to many acid waters, 
in absence of heavy metals. In Al heat ex. 
changers, use of Alclad tubes more effective 
than cathodic protection.—C.A. 


Use of Alloys for Imparting Corrosion Re. 
sistance to Iron and Steel. E. A. Tice 
Steel Processing 33: 211 (Apr. 47). Discusses 
effects of following elements: copper, phos. 
phorus, silicon, nickel, chromium, molyb- 
denum, columbium and titanium; proprietary 
low-alloy high-strength steels; and sea water 
natural water and soil corrosion.—Corr. 


Unusual Cause and Effect of Corrosion. A 
H. Stuart. Petroleum, 10: 26 (Feb. °47), 
Describes an unusual case. Packing of cen- 
trifugal water pump developed leak. Graph- 
ite-impregnated asbestos packing was found 
to be deteriorated and to contain ferric hy- 
droxide flakes. These were traced to iron 
content of over 6% in natural graphite used, 
Also examined micaceous hematite which had 
been submitted as graphite substitute, and 
it had no lubricating properties.—Corr. 
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